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For my Mother 




Preface 



Enormous developments have been made in ophthalmology during the last century. 
Higher precision and newer instrumentation in surgery as well as better examination 
methods and progress in microbiology have given us access to much more information 
about the pathological physiology and anatomy that we are confronted with in our various 
fields of expertise. As we have approached a new millennium we decided to capture 
some of these new ideas and incorporate them into a conference where we could share 
our work and benefit from each others' experiences. This book is based on contributions 
presented at the "2"*^ International Conference on Vitreoretinal Diseases" which was held 
in September 2002 in Vienna, Austria which focused on the retinal macula. The meeting 
was very fortunate to have the world's most renowned leaders in macular research attend 
and share their vast experience and expertise as well as their latest research and results. 
This meeting followed the "First International Conference on Vitreoretinal Diseases" 
which was held in Vienna, Austria in 1998, and focused on retinal transplantation and 
retinal microsurgery. 

After the great success of the "2"** International Conference on Vitreoretinal Diseases" 

an overwhelming interest was expressed to gather all these new and innovative ideas that 
had been developed in a book in order to give colleagues and students access to a valu- 
able collection of the information presented at the meeting. 

This international meeting was administrated by, Mrs. Tilly and Mr. Sven Gerling, 
whose vast experience in the field of ophthalmology and personal contacts to most of our 
speakers helped tremendously in making it a very successful meeting. I would also like 
to acknowledge the medical staff of the Rudolf Foundation Hospital's Department of Oph- 
thalmology and the Ludwig Boltzmann Institute for Retinology and Biomicroscopic Laser 
Surgery for their invaluable help and united efforts both before and during the meeting. 
Without the support of the medical director of the Rudolf Foundation Hospital, Dr. 
Wilhelm Marhold and the Executive City Counsellor for Public Health and Hospitals 
of Vienna, Prim. Dr. Elisabeth Pittermann-Hocker as well as the Mayor of Vienna, 
Dr. Michael Haupl and the Austrian Minister of Education, Mrs. Elisabeth Gehrer a 
meeting of this magnitude would never have been possible. Many pharmaceutical spon- 
sors and exhibitors helped us to finance this event and I am truly very grateful to all of 
them. 

Finally, I would like to express my utmost gratitude to my companion John and my 
son Christian for being so patient and tolerant as well as giving me so much of their 
support and their time. 



Prof. Dr. Susanne Binder 
Vienna, Austria, April 20, 2004 
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Macular photoreceptor organization 



Modular substructuring - a consistent feature along all 
foveal cone elements 

P.K. Ahnelt, Ch. Schubert, and E.M. Anger 

Department of Physiology, Vienna Medical University, Vienna, Austria 



Abstract 

A precondition for maximum acuity and other optimizations of human and primate 
photopic visual function is the high density of the retinal foveolar cones. Spatial packing 
is near optimum in the all-cone foveal center but always deviations from ideal 
hexagonal order remain. Pattern analysis has allowed to demonstrate the presence of seri- 
ally arranged lattice defects separating crystalline patches sharing similar axial orienta- 
tion [18]. The present study demonstrates similar patchwork-like organizations in the 
initial portion of cone axons. It is proposed that these patterns are correlated with the 
batch-wise descendence and sequential stacking of cone cell bodies during mosaic con- 
densations. The multitiered relocation of the primarily monolayered macular sensory 
epithelium compensates the diameter difference between somata and slender inner 
segments. Induced by the arrangement of somata this modular organization is projected 
upon the two dimensional aspects on both sides of the ONL: distally it appears as the 
inner/outer segment patches and proximally it leads to the bundling of cone axons 
below the nuclear layer. Thus discontinuities are an inherent element of foveal micro- 
architecture and may be sites of increased vulnerability to mechanical/osmotic stress 
and retinoschisis. 



Introduction 

Human and primate retinas are unique among mammals by providing a macular center 
with extreme minimization of the sensory units [4, 6]. Densities of more than 200.000 
cone inner/outer segments/mm^ at the center result from progressive centripetal conden- 
sation of a primordial all-cone region during pre- and postnatal stages. It has been noted 
that the foveolar lattice (subdued to gradual centripetal crystalline condensation) is not 
entirely hexagonal but that there is also positional noise [9]. The role of this noise for 
reduction of aliasing effects has been discussed [12, 24] and patchy aliasing has been 
observed using laser interferometric procedures [20]. We [3, 18] and others [5] have 
shown previously that defects of the adult foveal cone mosaic are not randomly distrib- 
uted within the hexagonal lattice. Pattern analysis reveals linear series of errors resulting 
in tiling of the hexagonal areas into coherent patches. The patches share similar axial 
orientation, which differ from the neighbor areas by discrete angular steps of 12-15° 
(Fig. la). The mechanisms leading to these faults and sub structuring have been unclear. 
The present findings suggest that this low frequency component in the inner segment 
lattice is not due to random events. It rather reflects spatial constraints originating in the 
underlying cone cell body arrangement. 
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Fig. la. Human fovea. Schematic representation of cone inner segment cross sections obtained 
from a tangential semithin section. The majority of cones has direct 6 neighbors and thus forms 
a regular lattice. The hexagonal order is however subdivided in (color coded) domains that differ in 
axial orientation (Indicated by straight lines) by 12-1 5 degrees. Borders between patches are sites of 
increased disturbances, larger size variances and high frequency of 5- (red) and >6-neighborship 

(yellow) patterns 

Fig. lb. Rhesus monkey fovea. Radial section, Toluidine blue stain, ca. Right border ca. 130pm 
from center. Cone cell bodies (ONL). tend to be arranged in descending sequences. Only the few 
initial cells (asterisks) remain close to the external limiting membrane (ELM). At the peripheral side 
of the oblique cone arrays thin inner fibers (IF) arise connecting them with the inner segments at 
the ELM. At the central side axons (ax) descend and assemble in bundles (open circles). Bundles 
leaving the outer nuclear layer bend towards the periphery 



Materials and methods 

Human eyes provided by the corneal transplant lab at the Vienna University Eye 
Clinic were immersed in 0,1 M phosphate buffered 4% paraformaldehyde (PF) or in a 
mixture of 1% glutaraldehyde/2% PF for 3-7 hrs post mortem. Monkey retinas were 
immersion fixed or perfusion fixed with GA/PF mixtures. After fixation for 1-24 hrs the 
retinas were dissected and processed as wholemounts or a central disc (0 10mm) with 
the fovea and papilla was trephined and removed together with choroids and pigment 
epithelium. 

Samples were either processed for cryosectioning or for semithin sections. Resin 
embedded samples were serially sectioned radially and tangentially with a Diatome 
jumbo knife. Sections were photographed and aligned in consecutive image planes of 
Adobe Photoshop files to map soma arrangements, the course of inner fibers, of axons 
and pedicles. 
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Results 

In the adult primate and human foveal center inner segment (IS) diameters are minimized 
(2,5 jim) and increase towards the periphery more than twofold [10]. The features 
described in the following are present in both human and primate foveas with some 
differences which mostly result from different foveal dimensions. These inner segment 
mosaics tend to establish highly regular lattices. Still, the mosaic contains non-hexago- 
nal defects (positions with <6> neighbors). Beyond the foveolar center these lattice defects 
appear arranged in linear series (Fig. 1) which circumscribe crystalline domains [5, 18]. 



Foveolar cell bodies and inner fibers 

In the center of the foveola cell bodies, fibers and axons are dispersed between volumi- 
nous Muller cell columns [2] and only few pedicles and interneurons are detectable at 
the foveolar floor [1]. Beyond this center the foveal cone cell bodies have a strong ten- 
dency for sequential radial and centrifugal stacking since they cannot minimize their 
diameters due to the unchanged nuclear volume. This leads to the multitiered arrange- 
ment wherein the somata remain connected to the inner segments via slender (1,3- 
1,8pm) inner fibers. These fiber elements arise at the distal poles of the somata and 
accumulate with increasing length depending on their distance from the external limit- 
ing membrane. At ca. 100pm eccentricity the sequences may include 8-12 somata/ 
axons/inner fibers/inner segments. Due to the oblique displacement of consecutive 
somata the inner fibers (IF) ascend and assemble in bundles along the peripheral face of 
the soma (arrow in Fig. 1b). The IS mosaics which emerge from the slender inner fibers 
of these descended cone arrays have similar cross sections and tend towards self- 
organized (hexagonal) optimum tiling during centripetal migration. Along consecutive 
sections it becomes evident that in three dimensions the beaded patterns are in fact con- 
centrically layered bundled arrangements. Thus when viewed tangentially these modules 
are sized similar to the iso-orientation patches present In the inner segment mosaics. 

Most of foveal cones have outer fibers diameters which are by far smaller than the 
inner segments (2,2 pm) - When crossing the ELM the connecting fibers expand to 
become the base of the inner segments. Only a minor group of cones (asterisks in Fig. 2) 
retains their cell body's position directly underneath the external membrane requiring the 
shortest outer fibers. Consequentially the axons of these "resting cones" then take the 
longest course within the ONL. In these cones the soma diameter has direct influence on 
the base of the inner segment across the external limiting membrane and thus they tend 
to have larger inner segment cross sections (120%) and often higher staining affinity than 
their direct neighbors (Fig. 2), also in micrographs In [7, 19]. This in turn often leads to 
cone positions with 7, 8 or 5 neighbors instead of the 6 dominant in uniform regions. 
The lattice tension created by these cones may progress along to other cones with soma- 
at-top positions. This may create the linear series of non-hexagonal "cracks" in tangen- 
tial section aspects of inner segment mosaics (Fig. la). At increasing eccentricities the 
discrepancy between inner segment diameter and soma size decreases. The tension Is 
relaxed, the number of cone cell body tiers in the outer nuclear layer decreases. It is also 
is increasingly Interspersed proximally by rod cell bodies which then dissolve the regu- 
larity of the all-cone mosaic. 



Axon bundles 

The "Fibers of Fienle" constitute a prominent foveal sublayer. The axons begin already 
within the cone nuclear layer, reciprocal to the respective inner fiber's length. While a 
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Fig. 2. Cross-sections of cone axons in Rhesus monkey fovea. Distal axons (arising from neigh- 
boring zones) appear highly organized into packages with upright elliptical shape. Axons from more 
central locations are positioned more proximally and do not display similar sub-organization 

patterns 



few central cone terminals appear to remain at the foveal floor [1] most axons bend ± 
horizontally and take a radiating course of differing lengths [19, 21] towards the con- 
centric ring of displaced pedicles. The axons emerge along the medial side of the cone 
soma series mirroring the distal outer fibers. The axons descend and accumulate along 
the central side of the cell bodies (Fig. IB and schematized in Fig. 3). Since the dimen- 
sion of the concentric synaptic pedicle zone is compensated by differential lengths of the 
cone axons their bundle piling up at the foveal rim. In radial cross sections (Fig. 2) of the 
axons at the rim two zones can be distinguished. A proximal sublayer (II) includes axons 
that have already descended far (up to more than 300 pm) from their somatal origin at 
the foveolar center. These axons are mixed with increasing proportions of glial tissue 
shortly before terminating as pedicles (ped) at the concentric outer plexiform layer. The 
distal region (I) includes axons which emerge from the somatal arrays of extrafoveolar 
cones. They are cut at a short distance after emerging from the ONL and most have similar 
diameters (0,7-1 ,3 pm). These groups of axon bundles attain optimized (hexagonal) 
packing order. As in the inner segment plane, patches appear to share similar axial ori- 
entation and are demarcated by non-hexagonal disturbances (colorized as in Fig. 1A). 



Discussion 

The term "foveal cone mosaic" generally refers to the strikingly regular patterns of con- 
densed cone inner and outer segments, which nevertheless has been shown to include 
non-randomly distributed discontinuities [5, 18]. The less familiar and less understood 
part of foveal cones is the further course towards their synaptic terminals. It includes a 
two step transition. From a two-dimensional mosaic for Image reception it is rearranged 
into to a three-dimensional somatal tiling, which then again spreads out to establish the 
concentric monolayered pedicle meshwork [19]. The present study points to the specific 
organization of cones as the likely primary source for the patchiness of the foveal mosaic. 
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Fig. 3. Schematic summary of foveal modular organization. False colors Indicate three cone arrays 
with their associated elements. Each array consists of three main components (Muller cells not 
included): grape-like arrangements of cell bodies alternate with two fibrous sheaths. Contributing 
reciprocal proportions. Axons accumulate proximally and inner fibers distally arising. The alterna- 
tion of somas and fibers in the ONE is mirrored in modular packaging in the inner segment mosaic 
(beyond the ELM) and in the Initial course of cone axon radiating centrifugally towards their pedi- 
cles. At the left of the first array the original position of its cell bodies before mosaic condensation 
is indicated (transparent ovals) as well as their presumed path (tapered rays) to their adult position 



Fetal cones representing a monolayer with relatively large cubical inner segments undergo 
secondary concentric condensation and descent [8, 17]. Neighboring cell bodies do not 
appear to descend at arbitrary depths but rather adjoin closely below the previous soma 
creating a "perikaryal surf". Such series (with 3-12 somas) match the running length of 
inner segment patches. Somas are ensheathed by two fiber types a) inner fibers ascend- 
ing to the inner segments and b) the axon bundles arising from the foregoing somata 
(Fig. IB, Fig. 3). This stacking of cone cell bodies contributes substantially (up to >150 
|im) to the profile of the foveal rim. For light directed at the central bouquet of cones this 
leaves an almost direct path with minimized scatter. 

There are solutions for optimized continuous packing of a mosaic with decreasing 
diameters in both nature (e.g. sunflower seeds) as well as in geometrical grid deforma- 
tion procedures [15]. However these cases are restricted to two-dimensional aggregates. 
Retinal design (or neural tissue in general) has to include input/output connections and 
therefore discontinuities are to be expected. Their presence in the foveal mosaic has been 
discussed as limiting aliasing image components with high spatial frequencies [22, 23, 
24]. In the view of the current findings the patch-wise organization of the foveal mosaic 
is not accidental or directly linked to optimized image representation but is an obliga- 
tory feature of mosaic condensation. Lattice packing optimization requires midrange 
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Table 1. Substructuring along foveal cone elements 



Section level 


Discontinuity 


Orientation 


(Patch) Dimensions 


Inner segments 


hexag. iso-orientation patches 


2D tangential 


ca. 10 X 8 X 7 polygonal 


ELM 


discontinuous zonulae 
adherents 


2D tangential 


irregular 


ONL 


hexag. stacked arrays of cell 
bodies 


3D radial/oblique 


3-12 cells/series 


Proximal axons 


hexagonally bundled 


2D radial/frontal 


ca. 8 X 12 axons 


Pedicles 


orthogonal arrangement 


2D tangential/ 
concentric 


? 



relaxation and axial reorientation whereas limitation of aliasing then arises as a positive 
side effect. 

It has to be emphasized that the present data cannot establish a direct link between 
the grouping phenomena along the consecutive levels of foveal cone organizations (Table 
1). Adequate marker experiments need to be combined with serial sectioning and recon- 
struction to definitely resolve these issues. Table 1 lists the modular elements including 
the pedicle lattice. Possibly the modular substructure of the macular cones is preserved 
down to the ganglion cells. 

The bundling phenomena could possibly be a source for entoptic granular patterns 
attributed to "nerve fiber elements" [13]. Extensive discontinuities present in the external 
limiting membranes [11] may be also linked to the modular organization. Local lack of 
tight junctions may be indicative of borders between neighboring modules. If the gaps 
persist or increase during life they could be predisposed for retinoschisis in pathological 
or traumatic conditions. 
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Interest in macular pigment has increased over the last two decades with the realisation 
that it plays a major role in maintaining retinal homeostasis and that it may contribute 
to retinal pathologies [2, 15]. Macular pigment consists predominantly of two hydroxy 
carotenoids namely zeaxanthin and lutein (Fig. 1). However, a number of oxidised forms 
of lutein and zeaxanthin can also be identified in the retina of which meso-zeaxanthin 
(a product of oxidative modification of zeaxanthin) is the most common. Visually, macular 
pigment presents as a yellow colouration concentrated in the fovea. However, more 
objective methodologies such as spectrophotometry and HPLC have mapped the topo- 
graphical distribution of macular pigment both across and within the layers of the retina. 
The absorption spectrum of macular pigment peaks in the blue light region of the visible 
spectrum (460 nm) but does not absorb in the green. By comparing the absorption of 
green and blue light in tissue sections through the fovea of adult primates it was demon- 
strated that macular pigment is concentrated in the foveola and avascular fovea regions 
[21]. Further analysis showed the macular pigment to be predominately located in the 
photoreceptor axons with significant but lesser amounts in the inner retinal neurons. Sig- 
nificantly lower levels are observed throughout the retina and macular pigment is often 
found in association with photoreceptor outer segments [18]. Biochemical analyses 
confirms that the macular carotenoids are assy metrically distributed throughout the 
retina but are concentrated in the macular and aceount for 36% of the total retinal 
carotenoids [4]. Carotenoid concentrations are estimated at 1.33ng/mm^ at the foveal 
centre, decreasing to 0.81 ng/mm^ at eccentricity of 2.5 mm and decreasing significantly 
thereafter [4]. Interestingly the zeaxanthin : lutein ratio is dependent upon retinal location 
- zeaxanthin is the predominant carotenoid at the fovea while lutein is predominant 
in the peripheral retina [4, 22]. Snodderly and colleagues [22] have proposed lutein 
and zeaxanthin exhibit respectively a rod-cone specificity. The last decade has seen 
considerable emphasis placed on in v/Vo measures (e.g. heterochromic flicker photo- 
metry, fundus reflectometry) of macular pigment to obtain a better understanding of 
dietary and pathological conditions in the regulation of retinal carotenoid concentration. 
In vivo analysis of macular pigment optical density demonstrates that while there is con- 
siderable inter-individual variation in macular pigment levels within the UK population, 
there is a good correlation between macular pigment density between the left and right 
eyes of individuals [3]. The question of whether macular pigment density decreases with 
age is equivocal. Some authors report a highly significant decrease in carotenoids of the 
macular with increasing donor age and propose that those with the lowest macular 
pigment density may be at most risk of developing age-related macular degeneration 
(AMD) [3, 8]. However, this age-related decrease in macular pigment has not been 
observed in all studies and has not been confirmed by chemical analysis of retinas from 
different age groups [15]. It is important that in-depth studies are undertaken to clarify 
this issue and to confirm whether a deficit in retinal carotenoids contributes to macular 
disease. 
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Fig. 1. Chemical structure of zeaxanthin and lutein 



Physiological considerations 

De novo synthesis of carotenoids does not occur in animals and thus the retinal 
carotenoids can only be obtained from the diet [2]. It has been previously demonstrated 
that monkeys fed a carotenoid-free diet have a total absence of macular pigment [16]. 
Furthermore, clinical trials have demonstrated that macular pigment can be elevated by 
dietary supplementation. In a study by Landrum et al. [14] individuals supplemented with 
lutein at 30 mg per day for 140 days showed no significant increase in macular pigment 
up to 14 days but thereafter a steady increase up to the point at which supplementation 
was ceased. Interestingly, this increase continued for at least 50 days following cessation 
of supplementation despite an obvious decrease in lutein serum levels. Thereafter, the 
macular pigment concentration remained elevated but constant for up to 400 days. This 
suggests a low turnover of carotenoids in the retina and that macular pigment levels reflect 
long-term carotenoid consumption. However, little Is known of the process by which 
carotenoids reach the retina and how this may be affected in ageing and age-related 
disease and by gender differences (males are reported to have an average of 38% more 
macular pigment than females [9]). 



The function of macular pigment 

The precise role of macular pigment remains uncertain although there are an increasing 
number of reports that retinal carotenoids are related to visual performance in both normal 
subjects and those with ocular pathology. Three principal functions have been proposed; 
improved visual function, protection of the retina from potentially damaging blue light, 
and/or by acting directly as an antioxidant. 



Visual function 

It has been proposed that lutein and zeaxanthin can improve visual function through 
either increased visual acuity or improved visability (reviewed in Wooten and Hammond 
[25]). Based on theoretical modelling of the absorption of short wave length light by 
macular pigment Reading and Weale concluded that it was able to filter out the aberrant 
part of the visible spectrum and this reduced dramatic aberration to the lower threshold 
leading to improved visual acuity. However, it has also been proposed that macular 
pigment may Improve visibility by preferentially absorbing blue haze. 
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Fig. 2. Absorption spectrum of macular pigment as plotted by Wyszecki and Stiles (line) and Werner 
et al. (points). Reprinted from Werner et al. with permission from Elsevier Science [see 2] 



Blue light filter 

The absorption spectrum for macular pigment demonstrates absorbtion between 400- 
520 nm with peak absorbtion at 460 nm (Fig. 2). This makes macular pigment an excel- 
lent filter for blue light thus restricting the most energetic form of non-ionising radiation 
from reaching the retina where it has the potential for photochemical damage (reviewed 
in Boulton et al. [6]; [2]). This filtration is enhanced by the location of macular pigment 
in the retinal layers; a) macular carotenoids reach their highest levels in the receptor axon 
layer of the foveola with relatively high concentrations in the receptor axon and inner 
plexiform layers in the extra foveola macular, b) the macular pigment is distributed 
throughout the photoreceptor cell and thus each photoreceptor screens other photore- 
ceptors as well as itself because of the lateral course of the axons and c) the orientation 
of the macular pigment within retinal cells enhances blue light absorption. Transmission 
studies have demonstrated that macular pigment can achieve sufficient density to prevent 
over 80% of 460nm light from reaching the retina [10]. However, due to the consider- 
able inter-individual variation in the macular pigment noted earlier those individuals with 
a low density of carotenoids may only screen about 10% of 460 nm light. The properties 
and location of macular pigment indicate that it will make a significant contribution 
towards protection of the retina against blue light-induced oxidative damage. 



Antioxidant 

Constant exposure to light, high oxygen levels and a readily oxidisable substrate in 
polyunsaturated fatty acids makes the retina an ideal tissue for the formation of poten- 
tially damaging reactive oxygen species (ROS). Numerous studies have demonstrated that 
the retina has evolved three mechanisms to protect against ROS [5]; a) repair systems 
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Fig. 3. A schematic representation of the co-operative antioxidant interactions of carotenoids (CAR), 
a tocopherol (E) and ascorbate (A). • radical; CAR* carotenoid radical 



which replace damaged molecules, genes or proteins, b) enzymic antioxidants such as 
superoxide dismutase, catalase and glutathione peroxidase and c) non-enzymic antioxi- 
dants (e.g. vitamin C, vitamin E, glutathione and melanin). However, there is increasing 
evidence that the carotenoids also play a major role as scavengers of reactive oxygen 
species in the retina. Carotenoids are effective at neutralising both singlet oxygen and 
oxyradicals which itself results In a lower energy carotenoid radical that in turn requires 
neutralisation by other antioxidants such as a-tocopherol and ascorbate (Fig. 3) [5, 26]. 
Carotenoids are potent neutralising agents for oxyradicals and singlet oxygen with 
lycopene being the most potent followed by zeaxanthin and lutein. 

The antioxidant properties of the retinal carotenoids include the ability to quench the 
triplet state of photosensitisers and singlet oxygen, reactivity with free radicals, and chain 
breaking antioxidant properties to retard the peroxidation of membrane phospholipids. 
Zeaxanthin is a particularly efficient singlet oxygen quencher with a biomolecular rate 
constant close to that controlled by diffusion, while lutein, having one less conjugated 
double bond, is half as effective in interactions with single oxygen. It has been shown 
that zeaxanthin is more efficient than betacarotene in inhibiting lipid peroxidation. 
Carotenoid radical cations, unless scavenged by other antioxidants such as vitamin E, 
vitamin C or melanin, may become damaging to biological molecules. However, anti- 
oxidants such as a-tocopherol and ascorbate also act synergistically with macular 
carotenoids in addition to neutralising carotenoid radicals. For example, recent studies in 
our laboratory (Rozanowska, Rozanowski, Boulton, unpublished observation) have com- 
pared the efficiency of individual antioxidants (e.g. lutein, a-tocopherol and ascorbate) 
and in combinations thereof in protecting human RPE cells against photooxidative 
damage. Our results show that a combination of a singlet oxygen quencher (e.g. 
carotenoid) and a free radical scavenger (e.g. ascorbate) offer better protection against 
photooxidative damage than increasing concentrations of individual antioxidants. 



Macular pigments in aging and disease 

The cumulative photochemical damage of the retina is reflected in the age-related mor- 
phological and functional changes that occur in the macular, e.g. a loss of rods in the 
perimacular region, a reduction in cone density and a loss of sensitivity of the short wave- 
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length sensitive cones [7, 11, 24]. However, evidence for macular pigment providing 
protection against retinal photodamage, especially from the blue light component of the 
visible spectrum is at best circumstantial. Clinical observations and experiments on 
monkeys indicate a positive correlation between high macular pigment density and a 
reduced susceptibility to photodamage. There is also evidence that the outer fovea is more 
susceptible to photodamage than the foveola despite that in the foveola there is a higher 
density of cones which at other locations have been shown to be more susceptible to 
photodamage. Further evidence comes from the observation that the central macular is 
spared in a number of retinal pathologies for which light is a risk factor, e.g. age-related 
macular degeneration, chloroquine-induced retinopathy, pigmentary retinopathy [5]. In 
all these ocular conditions sparing of the central retina correlates with the region of the 
highest optical density of macular pigments. 



Macular pigment and age related macular degeneration 

It remains equivocal whether reductions in retinal carotenoid levels in the retina con- 
tribute to the aetiology of AMD and if they do whether they are cause or consequence 
of the condition. However, there is evidence from this and other laboratories that macular 
pigment is reduced in age-related macular degeneration [3, 13]. In our study macular 
pigment was significantly lower in high risk eyes (e.g. the fellow eye was already exhibit- 
ing AMD) compared to standard risk eyes in which there was no evidence of age-related 
macular degeneration in either eye [3]. It should be noted that, while macular pigment 
optical density was decreased in the majority of eyes with age-related macular degen- 
eration, the overall optical density of pigment was highly variable between individuals. 
Furthermore, a limitation of this type of study is that at least 30% of standard risk eyes 
are likely to develop AMD later in life. 



Carotenoid supplementation 

Perhaps the simplest way to confirm a role for carotenoids in AMD is to see if dietary 
supplementation will prevent, slow or halt the progression of AMD. The idea of dietary 
supplementation with antioxidants has been extensively assessed but due to limitations 
in study design the efficacy of antioxidant therapy Is not clearly proven. In the most recent 
ARED study, antioxidants plus zinc were able to reduce the rate of progression of AMD 
and reduce the loss of visual acuity compared to untreated controls [1]. However, while 
this was a significant effect it was not particularly large and required very high concen- 
trations of antioxidants, suggesting that either the combination of antioxidants (vitamin 
C, vitamin E, beta-carotene and zinc oxide) was not optimal, other antioxidants (e.g. lutein 
and zeaxanthin) are necessary (an observation supported by our laboratory studies and 
discussed earlier in this review), or that there are other mechanisms involved in the 
progression of AMD. Dietary supplementation with the retinal carotenoids lutein and 
zeaxanthin is being strongly advocated by the commercial sector. Despite numerous 
studies the benefits of such supplementation remains inconclusive. The EDCC study In 
1 994 reported that a high dietary intake of carotenoids protected against AMD [20]. After 
adjusting for other risk factors, the highest quintile of carotenoid intake was associated 
with a 43% reduction in AMD. Of the carotenoids tested lutein and zeaxanthin were 
found to be the most protective. However in the subsequent BDES study no protective 
effect could be observed [1 7]. Perhaps the problem lies in our failure to realise that there 
is cooperation between antioxidants and that we have yet to supplement with the appro- 
priate cocktail of antioxidants at the optimal concentration. 
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Conclusions 

In summary, while macular pigment is considered to play an important role in macular 
physiology and disease this remains equivocal. Furthermore, while antioxidant supple- 
mentation is strongly advocated to ensure an adequate macular pigment density and to 
prevent or slow down the progression of retinal disease I leave you a recent quote from 
the National Eye Institute, July 2002: "Claims made about an association between lutein 
and eye health are speculative and should be viewed with caution. The possible benefits 
of lutein for the eye are uncertain." Despite these reservations, there is no objection to 
AMD sufferers or the population as a whole taking oral antioxidants, provided that they 
are at safe levels. However, perhaps the simplest way to ensure a healthy macular pigment 
density is to have a healthy diet containing egg yolk, maize, orange peppers, grapes, 
spinach and orange juice which are rich in lutein and zeaxanthin [23]. 
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Retinal degeneration is a major cause of visual loss and is associated with a variety of 
conditions (e.g. age-related macular degeneration (AMD), retinitis pigmentosa, macular 
dystrophy). Morphologically, such degeneration can occur in the neural retina (e.g. retini- 
tis pigmentosa) or retinal pigment epithelium (e.g. AMD). While a number of therapies 
have been proposed for the treatment of retinal degeneration, transplantation of cells or 
tissue has received considerable attention in the last decade [18, 20]. Of particular inter- 
est is retinal pigment epithelium (RPE) transplantation which has the advantage over neural 
retinal transplantation that it only involves one cell type, does not require neural net- 
working and is a reasonably straightforward procedure, although not without complica- 
tions as will be discussed later. 

There are a number of requirements for a successful outcome in RPE transplantation. 

• Replacement of diseased cells 

• The transplanted cells must carry out the functions of the RPE 

• The transplanted cells must establish themselves in the host eye and should at least 
maintain, if not improve, vision 

To achieve this it is essential to have a source of donor cells, to be able to deliver the 
cells to the transplantation site and, once delivered, to minimise any inflammatory 
response In order to avoid the possibility of rejection and associated retinal degeneration. 
The transplanted cells, if they survive, should ideally acquire the normal in vivo RPE phe- 
notype as well as establish and stabilise within the host In order to contribute towards 
the maintenance of retinal homeostasis. In the author's view, while we have overcome 
many of the problems associated with RPE transplantation, a major outstanding issue is 
ensuring that the transplanted cells exhibit a true in vivo RPE phenotype which will under- 
take the essential functions required of it. Unfortunately, despite claims that transplanted 
cells are functional in the host eye the tendency is to look only for a few major markers 
of activity (e.g. phagocytosis, attachment, polarisation) while ignoring a multitude of other 
markers critical for successful function and retinal homeostasis. 



RPE physiology in the context of retinal transplantation 

Before discussing further the limitations of RPE transplantation It is important to briefly 
review normal RPE structure and function [5, 9, 15]. The RPE is a continuous monolayer 
of hexano-cuboidal epithelial cells located between the photoreceptors and Bruch's mem- 
brane (Fig. 1). These cells do not normally divide in the adult except in cases of trauma 
or pathology. Two types of microvilli are present on the RPE apical surface: long thin 
microvilli 5-7 jim in length, which are believed to maximise the surface area of the plasma 





Fig. 1. a A schematic representation of the RPE/photoreceptor outer segment complex. J - 
Intercellular junctional complexes; Mi - microvilli; PS - photoreceptor sheath; P - photoreceptor 
outer segment; I - basal invaginations; B - Bruch's membrane; N - nucleus; M - melanosomes; 
L - lipofuscin granules, b Electron micrograph of in situ RPE from an 80 year old. Closed arrows 
- melanosomes; open arrows - lipofuscin; stars - melanolipofuscin complexes. The bar marker 

is 1 pm 



membrane available for transepithelial transport and specialised microvilli which sur- 
round photoreceptor outer segment tips and are often referred to as photoreceptor sheaths. 
The basal surface of the RPE contains numerous infoldings which, like the apical surface, 
maximise surface area for the transfer of molecules. An outer blood-retinal barrier is 
established by the continuous belt of occluding junctions located between the lateral 
membranes of adjacent cells. Intracellular gap junctions are also present on the lateral 
membranes of RPE cells and ensure that the entire RPE layer is metabolically coupled. 
The RPE is rich in organelles which reflects its high metabolic rate. Abundant mitochon- 
dria are located towards the base of each cell while a rich provision of the smooth endo- 
plasmic reticulum and lysosomes are distributed throughout the cell. In addition, melanin 
granules 2-3 jim in length are, for the most part, vertically orientated lying parallel to one 
another at the base of, or within the, apical processes presumably to maximise light 
absorption. It is quite evident that the RPE cell is a highly differentiated structure with 
clear morphological and metabolic compartmentalisation. 

Most text books [14, 21] identify the critical functions of the RPE as: 

• Provision of an outer blood-retinal barrier 

• Transepithelial transport 

• Transport and storage of retinoids 

• Phagocytosis and degradation of photoreceptor outer segments 

• Protection against light and oxidative damage 

• Production of growth factors 

Gases diffuse freely across the cell layer with high levels of oxygen moving from the chori- 
ocapil laris to the photoreceptors. However, in its role as the outer blood-retinal barrier. 
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the RPE regulates the transepithelial transport of ions, fluid, metabolites and waste prod- 
ucts via specialised transport proteins within the apical and/or basal plasma membranes. 
The asymmetric distribution and regulation of these proteins ensures that the RPE can 
control the micro environment bathing the photoreceptors. 

The RPE is critical for the maintenance of the visual cycle due to its ability to trans- 
port, store and modify retinoids [12]. Retinol is present in the blood bound to a retinol 
binding protein (RBP) from which it is transferred into the cell via specific RBP binding 
sites localised to the basal and basolateral surfaces of RPE cells. Upon entering the cell 
all-frans-retinol immediately becomes esterified and provides a non-toxic substrate for 
isomerisation to the 11 -c/s conformation. Esterification of retinol also provides an intra- 
cellular store of retinoids. 1 1-c/s-retinol is converted to 1 1-c/s retinal and transported via 
interphotoreceptor matrix binding protein (IRBP) to the photoreceptors where it combines 
in rods with opsin to produce rhodopsin. In the photoreceptors, 1 1-c/s retinal is converted 
to all-trans-retinal within picoseconds of absorbing a photon of light and transferred back 
to the RPE to be recycled either conjugated to IRBP (or as a function of the phagocytosis 
of outer segments). 

The RPE is constantly ingesting the spent tips of photoreceptor outer segments through- 
out life. The recognition signals for outer segment binding and ingestion are poorly under- 
stood although a number of receptor molecules have been identified (e.g. the mannose 
receptor, aV(33 integrin, CD38 and Mertk [5]). Once ingested the resultant phagosome 
fuses with a lysosome to form a secondary phagosome or phagolysosome in which the 
ingested outer segments are digested by a combination of over 40 lysosomal enzymes 
capable of degrading proteins, polysaccharides, lipids and nucleic acids. It is important 
to note that this degradation is incomplete and that this accounts for the age-related accu- 
mulation of lipofuscin within the RPE. 

The RPE is in an ideal environment for the formation of reactive oxygen species with 
a potential to damage proteins, DNA and lipids in that it is constantly exposed to long 
periods of visible light and high local oxygen tensions, has a high metabolic activity and 
phagocytoses photoreceptor outer segments (a source of reactive oxygen species) on a 
daily basis [5, 8]. To limit oxidative damage the retina/RPE has evolved three lines of 
defence [3, 27]. First, the wavelength and intensity of light reaching the RPE can be atten- 
uated by macular pigments which filter out potentially damaging reactive blue light and 
by melanin which will act as a neutral density filter and reduce light levels entering the 
RPE. Second, the RPE contains both enzymatic (e.g. superoxide dismutase, catalase and 
glutathione peroxidase) and non-enzymic (e.g. glutathione, ascorbate, a-tocopherol and 
carotenoids) antioxidants which neutralise reactive oxygen species before they can cause 
cellular damage. Third, some oxidative damage is inevitable and to overcome this, the 
RPE has evolved an efficient mechanism to repair oxidative damage up to a certain 
threshold. 

The RPE can produce a wide variety of growth factors and cytokines (e.g. FGF, TGFp, 
lGF-1, PDGF, VEGF, TNFa and members of the interleukin family) which are normally 
constitutively expressed at low levels but can become significantly upregulated in pathol- 
ogy [10]. The role of these growth factors remains unclear with some possibly acting as 
neuroprotective agents, some regulating synthesis and turnover of matrix, while others 
are controlling capillary permeability and maintaining vascular quiescence. 

It is important to note that all the functions of the normal healthy RPE appear to operate 
above threshold levels of activity required for retinal homeostasis. This would indicate 
that there is considerable redundancy in the system and that the RPE is likely to be 
able to undergo considerable alteration before retinal function is compromised. Further- 
more, it should also be realised that RPE structure and function varies with retinal 
location [5]. 
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While the functional and metabolic activities highlighted above are critical for the 
maintenance of retinal homeostasis, it must be realised that a successful RPE phenotype, 
like most cell types, is dependent on a much greater number of physiological parameters 
which are finely tuned and interdependent on each other [13, 19]. Examples include: 

• Polarity 

• Adhesion and growth factor receptors 

• Matrix synthesis and turnover 

• Transport proteins (ion channels, glucose transporters) 

• Pigmentation 

• Protein targeting 

• Compartmentalisation 

• Environmental regulation 

It is not sufficient simply to say that RPE cells have microvilli. To carry out their functions 
adequately, they must have the appropriate number and type that ensure the optimal 
transport characteristics of the RPE and allow for the ingestion of photoreceptor outer 
segments. Similarly, It is not sufficient to say that RPE cells are capable of phagocytosing 
photoreceptor outer segments; they must ingest them at the correct rate and they must 
dispose of them in the appropriate way. 

What are the choices as a source of RPE cells? 

Returning to the importance of RPE phenotype in retinal transplantation much is depend- 
ent on the source of the cells, how they are prepared, the method of transplantation and 
the status of the host eye. The source of RPE can be autologous cells, e.g. from the host 
eye, or non-autologous cells from donor eyes of human or non-human origin. Autologous 
cells are normally obtained from the peripheral retina with the disadvantage that they 
can only be obtained in relatively small numbers and that there will always be the pos- 
sibility of consequent complications such as proliferative vitreoretinopathy. By contrast, 
non-autologous RPE cells from donor eyes can be obtained in large numbers and can be 
obtained from the central retina. However, the disadvantage of non-autologous cells is 
that they often provoke an immunogenic response which can ultimately result in rejec- 
tion. Given the considerable differences in both morphology and metabolic capability 
between RPE cells from different retinal locations, it may well be very important to use 
central cells as opposed to peripheral cells to treat a central retinal pathology. Other con- 
siderations which are important are the post mortem time in the case of non-autologous 
cells, as the longer the post mortem time, the more likely the cells are going to have 
irretrievably lost some of their in vivo function. Another important issue relevant to non- 
autologous cells Is whether to use foetal, young or old donor RPE cells. Foetal cells will 
provide a very morphologically differentiated cell type with some polarisation, but this 
does not appear to represent the adult phenotype. By comparison old cells have often 
lost many of their functional characteristics and are thus not the best donor cells for pro- 
ducing rejuvenation in a dysfunctional eye. For these reasons the best choice is tissue 
from young donors, but such eyes only rarely become available. 



Should we transplant fresh or cultured cells? 

There seems to be considerable differences In viewpoint on this issue with advocates and 
detractors for fresh and cultured cells (Fig. 2). The obvious advantage of freshly isolated 
cells is the retention of phenotype, but the disadvantage is that these cells will often be 
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Fig. 2. A Freshly isolated RPE cells showing clumps of both intact and damaged cells. The bar marker 
Is 20pm. B A primary culture of human RPE cells. The bar marker is 150pm 



damaged by the recent procedure required to obtain them. Overt damage is commonly 
identified by Trypan blue staining. However, Trypan blue is a large molecular weight 
protein dye which will only enter cells that have large holes in their plasma membrane 
and will not identify more subtle but equally relevant damage such as shearing of inte- 
gral membrane proteins, loss of adhesion receptors, and/or loss of apical microvilli, any 
of which will still result in a dysfunctional cell. Furthermore, fresh cells only provide a 
limited source of tissue as there is no means of amplification. This shortcoming can, in 
part, be overcome with the use of cultured cells in which it is possible to amplify small 
numbers of RPE cells (e.g. from chorioretinal biopsies [12]), to provide sufficient cell 
numbers to cover a large area of Bruch's membrane. However, the disadvantage of these 
cultured cells is that they lose many of their normal phenotypic characteristics. In addi- 
tion, primary cell culture tends to select for cells with the greatest survival and prolifera- 
tive capacities - the latter being hardly the ideal requirement for a retinal pigment 
epithelial cell once transplanted into the eye! If we look carefully at the loss of pheno- 
typic characteristics in retinal pigment epithelial cells in culture, we can identify one or 
more of the following: reduction in surface area, reduction in the number of cell 
organelles, reduction in enzymic activity, loss of pigment, lower transepithelial resistance, 
often exposure to non-human proteins during culture (e.g. fetal calf serum), loss of polar- 
ity, loss of receptors, loss of compartmentalisation and increased contractility. From these 
observations, it must be concluded that we currently transplant "highly stressed" RPE cells, 
whether fresh or cultured, with reduced metabolic function into an adverse environment. 
Surprisingly, we then expect these cells to establish and perform their normal in vivo func- 
tions and are astonished when this does not happen! 

Rejuvenation of phenotype 

It is possible to recover, at least in part, the normal RPE In cultured retinal pigment epithe- 
lial cells by a number of additional manipulations [6, 7, 11]. Some examples of these 
procedures include: a) upregulating the number of apical microvilli and lysosomal 
enzymes by repeated feeding of cells with photoreceptor outer segments (Fig. 3), b) 
growing cells on a defined matrix which produces a better and more differentiated 
epithelial monolayer and c) maintaining the cells in a more appropriate oxygen environ- 
ment (cells are routinely cultured under hyperoxic conditions). However, these additional 
manipulations are costly in terms of time and money, and as a result, may not represent 
a feasible approach if RPE transplantation is to become a routine procedure. 
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ACID PHOSPHATASE ACTIVITY 




Weeks after challenge 




Fig. 3. Examples of possible approaches to rejuvenate cultured RPE cells. Scanning electron 
micrographs of the apical surface of subcultured human RPE cells. A shows unchallenged whilst B 
shows cells 24 hr after challenge with photoreceptor outer segments. The bar marker is 1 50pm. The 
graph, C, shows a significant increase in acid phosphatase activity 8 weeks after daily challenge 
with rod outer segments. The asterisk shows lysosomal enzyme activity in the equivalent number 

of freshly isolated human RPE cells 



Transplantation of RPE cells 

Having obtained the RPE cells, either fresh or cultured, from autologous or non-autolo- 
gous eyes, the next difficulty is how to present them to the diseased retina. Although RPE 
cells are relatively easy to deliver, there may be considerable trauma at dissociation 
whether using fresh or cultured cells, which may reduce their attachment ability. Ideally 
a single layer of transplanted RPE cells must attach to the basal substrate of Bruch's mem- 
brane in order to become established and function correctly. Histological analysis Indi- 
cates that injection of cell suspensions often leads to multi-layering of retinal pigment 
epithelial cells. RPE cell sheets are particularly easy to produce in culture as they can be 
grown on a variety of biological and synthetic matrices (e.g. collagen, Bruch's membrane 
preparation, lens capsule, gelatine and other biodegradable substrates). There is reason- 
able quality control and no extreme trauma to the cells prior to transplantation. However, 
delivery of these sheets can be difficult resulting in the sheets, once at the transplant site, 
being wrinkled or the cell layer inverted. Once transplanted the overall clinical outcome 
in terms of restoring retinal function appears to be limited although this is often difficult 
to assess since transplants to date have largely been undertaken during the late stage of 
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disease. However, the RPE cells are normally located appropriately between the pho- 
toreceptors and Bruch's membrane and demonstrate some limited functionality, e.g. they 
can phagocytose rod outer segments and demonstrate the presence of a retinoid system 
[20, 24]. Rejection associated with non-autologous cells can usually be avoided with 
immunosuppression. The efficacy of procedure is difficult to evaluate in humans, some 
improvement in vision has been reported although stabilisation is often considered a good 
end result [1, 4]. 

An additional manipulation is to modify the cells ex vivo before transplantation e.g. 
by inducing them to over express a required gene product. A number of studies have 
demonstrated that ex vivo gene therapy is feasible and that cultured human RPE cells can 
be transfected to over express a gene product when transplanted in vivo [16, 22]. 
Researchers are now investigating the possibilities of providing cells which over express 
brain-derived neurotrophic factor (BDNF) to promote retinal cell survival or over express 
pigment epithelial-derived growth factor to prevent aberrant angiogenesis such as occurs 
in sub-retinal neovascularisation [16]. Such phenotypic modification of transplanted 
retinal pigment epithelial cells offers the possibility that even a dysfunctional donor RPE 
cell can be restored to perform a required specific function in the retina which may in 
turn help prevent or slow down the degenerative process. Such an effect may also be ben- 
eficial even when RPE cells only offer some limited, shortterm establishment in the retina. 



Future challenges 

This review has concentrated on transplantation of human RPE cells, but it should be 
realised that there are a number of alternative transplant approaches which can be con- 
sidered. Cells with a similar phenotype to the retinal pigment epithelial cell may be a 
realistic substitute. For example, researchers have shown that autologous iris pigment 
epithelium, which can be obtained in reasonably large numbers, can demonstrate some 
of the phenotypic characteristics of the RPE, both in vivo and in vitro [25, 26]. It is also 
possible to consider the transplantation of autologous cells with multipotential properties 
(e.g. stem cells [2]). However, it is likely that this procedure will not be effective since 
the differentiation of these primitive cells is dependent on the localised environment and 
that the adverse environment in the diseased eye is not likely to lead to the required form 
of differentiation. The final possibility is the use of genetically engineered tissue, such as 
porcine RPE which is designed to express human antigens [23]. 



Summary 

In conclusion, while this review may appear to portray an overly pessimistic view of RPE 
transplantation, this is not the intention. Many of the limitations discussed can almost cer- 
tainly be overcome with further research, leading to refinement of technique, ex vivo gene 
therapy, improved phenotype and new procedures for transplantation that will limit the 
damage associated with the dissociation process. The only aspect which is difficult to 
change following transplantation is the adverse local environment in the host eye. 
However, perhaps even this problem can be partly overcome by encasing the donor RPE 
cells in a "protective gel" which promotes their viability and phenotype during the first 
hours, days or weeks of their life in the host retina. 
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introduction 

Retinal cell transplantation offers the possibility of preserving and/or restoring function in 
a degenerating retina. This is a difficult but ultimately do-able project and the retina may 
be an ideal structure in which to pursue such central nervous system reconstruction. The 
retina is accessible, layered and the photoreceptor layer transmits signals in one direc- 
tion in contrast to most neuronal circuits in the central nervous system. There are two 
areas to which this research has been directed. One involves the retinal epithelium and 
the second the neural retina, in particular the photoreceptors. Although some problems 
are similar in these two approaches, there are major differences requiring the topics to 
be considered separately. 

Transplantation of retinal epithelium is inherently easier. The tissue can be cultured, dis- 
sociated, re-associated and manipulated in vitro. Its functional role, which is to metaboli- 
cally support the highly specialized photoreceptor layer, requires only close apposition to 
the outer segments of the receptors. The technique has been proven successful in the Royal 
College Surgeons strain of rats, a model of a form of recessive retinitis pigmentosa [6, 11] 
and recently in a murine model of Leber's Congenital Amaurosis, the RPE65 -/- mouse [7]. 
In both models, photoreceptor degeneration can be stopped or delayed and photorecep- 
tor function preserved or restored by retinal epithelial transplants. The major impediment 
found in both models has been evidence of rejection which appears to limit a long-term 
therapeutic success. Rejection has been even more of an impediment in attempts to use 
retinal epithelium transplants to treat age related macular degeneration, especially neo- 
vascularization. In human trials, rejection has been more rapid and aggressive than in the 
rodent models. I believe that this is related to breakdown of the blood retinal barrier caused 
by the transplantation surgery itself, which must be exacerbated in the case of neo- 
vascularization. I shall present evidence indicating that transient immunosuppression 
during and just after transplantation, may be able to avert rejection entirely. 

Transplantation of photoreceptors is a different problem. Here rejection has been sur- 
prisingly minimal. Communication with the host retina is the major problem. No one has 
unequivocally demonstrated functional connectivity between transplant and host neurons. 
This is a major hurdle. I will present evidence that photoreceptors in such transplants can 
make membrane to membrane contact with host bipolars, which could allow ephatic 
communication between transplant and host. Synaptic contacts between transplant and 
host on the other hand have been difficult to find. I believe the solution to the problem 
of synaptic communication can come from using embryonic photoreceptors that have 
been liberated from their postsynaptic contacts. I shall show how it is possible to do this 
with the excimer laser. 



Retinal epithelial transplants rescue function in the RPE65 -/- mice 

We have been testing the effects of retinal epithelial transplants in the RPE65 -/- mouse. 
Here the defect is expressed in the epithelial layer, which prevents these mice from con- 
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Fig. 1. Relationship between the average ERG responses in control and test eyes and the age of the 
mice in all seven litters. Three control subjects received an injection of saline. The other control 
eyes were untouched. Arrows age of the mice when mice received transplants. Vertical bars repre- 
sent standard errors of the mean 



verting all-trans to 11-cis retinol. This causes a large reduction in the photoreceptor 
response, monitored by the electroreti nogram (ERG), and to a slow degeneration of the 
photoreceptor layer. By transplanting normal retinal epithelium into the subretinal space, 
photoreceptor function can be restored and anatomical degeneration slowed. Figure 1 
illustrates the increase in ERG amplitude produced by transplantation at different ages in 
the life of the affected mice. The only disappointment has been that the functional recov- 
ery diminishes with time. We are not sure why. There is also a progressive reduction in 
the amount of transplanted cells found with time, indicating that they are not surviving. 
This is shown in Figs. 2 and 3 where multiple transplanted epithelial cells can be seen in 
the subretinal space at two weeks after transplantation (Fig. 2) versus only rare cells at 8 
months after transplantation (Fig. 3). This may be the result of rejection although we have 
seen no evidence of inflammation, an invariable sign of rejection. Further research is nec- 
essary to clarify this. Several groups have reported that gene therapy can also rescue func- 
tion in this model but the long-term results are still being determined. 

Identifying rejection non-invasively 

Rejection is a significant consideration with retinal epithelial allografts. We are now able 
to identify and follow rejection of retinal epithelium in vivo without having to sacrificing 
the animal. This is useful because it allows continuous monitoring, which can be done 
by ophthalmoscopy, in particular the scanning laser ophthalmoscope (SLO). There are 
several clues to rejection. These clues have become evident from the use of a reporter 
trans-gene expressible in the retinal epithelium and introduced into the epithelium by a 
lentiviral vector [5]. This jelly fish gene expresses a green fluorescent protein (GFP), which 
can be followed in single retinal epithelial cells by SLO. When GFP is expressed strongly, 
however, it leads to rejection within a few weeks. We have detected serum antibodies to 
GFP in these rabbits paralleling rejection, which provides strong evidence that GFP is the 
responsible antigen. By following GFP expression we have noticed several clues to rejec- 
tion (Figs. 4 and 5). In Fig. 4 GFP expression is seen at 12 days after surgery. At 21 days 
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after surgery, GFP fluorescence has been lost and the area of previous gene expression 
shows a "piebald" appearance due to disruption of this layer by the inflammatory 
response. Histology shows that the piebald appearance is due to piling up of the epithe- 
lium in some areas and migration and dilution of pigment in other areas [5]. Figure 5 
shows how rapidly this rejection occurs and in addition another clue to rejection. At 14 
days there is considerable GFP expression. At 1 7 days there is a blurring of the blue light 
image of the target area because of an edema. At this point there is only faint GFP expres- 
sion visible. At 20 days all expression is lost and the target area shows the typical piebald 
appearance of rejection. 




Fig. 4. Lentiviral transduction of GFP is shown in the retinal epithelium of rabbit at 12 and 21 days 
after surgery. On the left are blue SLO images; on the right are fluorescent images. At 12 days there 
is gene expression of GFP seen on the right; at 21 days there has been rejection 




Fig. 5. Lentiviral transduction of GFP is shown in the retinal epithelium of rabbit at 14, 17 and 20 
days after surgery. On the left are blue SLO Images; on the right are fluorescent images. At 14 days 
there is gene expression of GFP seen on the right. At 1 7 days there is mild edema at the target area 
and GFP expression is almost lost. At 20 days the target area has a piebald appearance and all GFP 

fluorescence is lost 
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Fig. 6. Lentiviral transduction of GFP is shown in the retinal epithelium of rabbit that has been 
Immunosuppressed at and for one month after surgery. Rejection does not occur for months after 

immunosuppression has ceased 



Counteracting rejection 

This is a summary of an on-going research project being carried out by Ken Doi, 
Jian Kong, Janos Hargitai, Steve Goff and myself on lentiviral transduction of rabbit 
and mouse retina. I present It here because it is relevant to the problem of rejection of 
retinal epithelium in general. If you immunosuppress a rabbit using cyclosporine, aza- 
thloprine and prednisolone administered daily starting on the day before surgery for 
viral transfection, you can prevent rejection. If you stop the immunosuppression after 
one month, rejection never occurs again. Figure 6 shows an example of lentiviral 
induced expression of GFP in rabbit retina for 6 months with no indication of rejection. 
There is continuous and strong expression of GFP throughout the transduced area. This 
has been seen repeatedly and it occurs without the appearance of any serum antibodies 
to GFP. If, however, a viral injection Is placed in the contralateral eye and immunosup- 
pression is not instituted, both areas of GFP expression will be rejected. Rejection appears 
to depend on the Initial phases of the subretinal surgery. If immunosuppression can be 
maintained for this period which at present involves at least a month's time, tolerance 
can be produced indefinitely. The detection of the foreign antigen or antigens must 
be facilitated by factors occurring contemporaneously with the subretinal surgery. Once 
these factors have disappeared or dissipated, the immune system can no longer detect 
the foreign material. This approach should be carefully explored with retinal epithelial 
transplants. 
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Another strategy to counteract rejection is to use homografts of iris retinal epithelium 
from the subject requiring retinal epithelium transplantation. This completely eliminates 
rejection but has several other problems. One is that the iris epithelium does not have all 
the enzymatic machinery to handle the outer segment but it is possible that it could modify 
its behavior when confronting the photoreceptor. In addition, the movement of lipophyl- 
lic molecules, such as vitamin A, needed for phototransduction might be able to move 
from membrane to membrane across considerable distances. Clinical trials on this strat- 
egy are underway. 

Another approach has been used by Susan Binder in which retinal epithelium from 
elsewhere in the retina has been used to cover the area that must be covered in the macula 
[4]. This has the problem that you are using aged and probably somewhat defective epithe- 
lium and there is a chance that the removal technique damages a significant and unknown 
number of cells. 

Stem cells are perhaps another possibility but they have the problem that one doesn't 
know where to find them especially in older subjects needing the transplant repair and 
secondly the stem cells have to differentiate into retinal epithelium which has not yet 
been demonstrated. 

A very intriguing way of creating healthy, young or embryonic retinal epithelium from 
the same donor is to clone this individual to the fetal stage and then sacrifice the fetus 
In order to obtain the retinal epithelium. This has serious ethical considerations. Its success 
has recently been demonstrated in the mouse [12]. 

Transplantation of neural retina 

One of the most intriguing concepts in treating blindness is to try to restore photorecep- 
tor function in a blind retina. This area of research has been evolving slowly over more 
than a decade. The most extraordinary result so far is the fact that when photoreceptors, 
especially embryonic ones, are placed in the subretinal space they survive extremely well 
and will develop normal appearing outer segments when these photoreceptors are prop- 
erly oriented toward the retinal epithelium. There is also unequivocal evidence that these 
transplanted photoreceptors respond to light [1, 14]. There is little indication of rejection 
of such neural transplants. The major problem, however, In this research in the commu- 
nication of these photoreceptor transplants is a failure of any evidence that they can com- 
municate with the host retina. This is a major impasse. 

We have attempted to use small microaggregates of embryonic murine retina to deter- 
mine how well they Integrate with the retina of the adult dystrophic rd mouse. One of 
the advantages of our method is that we have labeled both the donor rods and the host 
rod bipolars. We have produced an rd mouse with such LacZ labeled bipolars [8, 9]. In 
Fig. 7, the transplant on the right is oriented appropriately toward the epithelium and well 
developed outer segments, stained blue, are visible in the subretinal space of the adult 
rd mouse. Electron micrographs of labeled rod transplants show them to be contacting 
the retinal epithelial layer of adult rd mice (Figs. 8, 9). The rods of the normal donor mice 
are labeled with the LacZ reporter gene and the rod bipolars of the rd host retina is also 
labeled with the same reporter gene. This has allowed us to trace the neural structures of 
transplanted rods and those of donor rod bipolars with considerable precision. What we 
have found is that there is a partial barrier to communication between donor and host 
tissue formed by the Muller cells of the host. There are however, breaks in this glial barrier 
which allow close contacts to form between donor and host neurons. At these points, we 
have found evidence that donor rod cell bodies make membrane to membrane contacts 
with host rod bipolars. Figure 10 shows a typical example of such membrane to mem- 
brane contacts between these donor and host neurons. This provides a way for ionic 
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Fig. 7. Retinal microaggregate transplants in which rods are labeled with LacZ reporter gene are 
shown in the subretinal space of rd mice in which rod bipolars are labeled with the same reporter 
gene. The transplants on the right are appropriately oriented toward the retinal epithelium 




Fig. 8. Electron micrograph showing labeled rods in the subretinal space of an rd mouse, months 

after transplantation 
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Fig. 9. Electron micrograph showing labeled rods in the subretinal space of an rd mouse, months 

after transplantation 




Fig. 10. Electron micrograph showing membrane to membrane contact between a labeled host rod 
bipolar and a labeled donor rod. Such contacts can be the site of ionic communication between 

transplant and host neurons 
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Fig. 11. Light micrograph shows in A. the normal 20 week old human fetal retina in the macular 
area and in B. how the inner layers have been selectively removed by the excimer laser 



communication between these two systems. This communication is known as ephaptic 
communication in contrast to synaptic communication. It is certainly un-physiological 
but provides some explanation for recent evidence that such transplants are able to weakly 
influence the ganglion cells of the host retina. What we have not been able to detect is 
strong evidence for any synaptic communication between these two systems. Very occa- 
sionally we do find processes of rods entering the territory of the host making contacts 
with postsynaptic structures labeled as host rod bipolars. Because there are reasons to 
worry about artifacts leading to such rare events, we are reluctant to accept this as 
unequivocal. 

It is our impression that the best strategy to use to improve this approach is to free up 
the donor photoreceptors from their second order postsynaptic structures before trans- 
plantation. We have found a good way to do this, using embryonic human retina. What 
is remarkable about the developing human or primate retina in general is that the foveal 
area develops relatively early in embryonic life and is separated from the inner nuclear 
layer by a distinct outer plexiform layer. This separation between outer and inner nuclear 
layers does not exist in non-foveal areas of the retina. The separation allows the excimer 
laser to destroy all the inner layers of the retina and leave the primordial foveal cone layer 
relatively undisturbed. This is not possible elsewhere in this developing retina. Figure 1 1 A 
illustrates this separation of the foveal cone photoreceptor layer, primarily cones, from 
the inner nuclear layer. Figure 1 1 B shows how the excimer laser has completely removed 
all the inner layers of this embryonic retina except the photoreceptor layer. Figure 12 
shows electron micrographs of such an isolated layer of cones with the synaptic termi- 
nals of these cones altered but sealed by a complete plasma membrane. Proof that these 
cells are alive comes from the fact that they survive quite well when cultured in this state. 
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Fig. 12. Electron micrograph showing the survival of a monolayer of fetal human foveal cones 
and a few rods in tissue culture after the inner layers of the retina have been removed by the 

excimer laser 



Therefore it is possible to isolate pure cones and some rods separated from their second 
order contacts. We believe that this approach could allow a better opportunity for trans- 
planted photoreceptors and cones in particular to form synaptic contacts with second 
order host neurons. Of course this is only a small step in establishing such contacts. There 
are many other obstacles involved in addition to the Muller cell gliosis. 



Summary 

I have attempted to summarize the research we have recently performed and which we 
and others are planning in the future. Retinal cell transplantation is a difficult area of 
research but it is not in my opinion a blind end unworthy of support. It can work in 
animals and therefore it should also be able to work in humans with retinal degenera- 
tion. It is a more biological approach than the electronic chip which also has great obsta- 
cles to success. The fact that one is forced to work with the cells that are at the root of 
the problem of retinal blindness, the retinal epithelium and the photoreceptors, is one of 
the most appealing aspects of this research. If it were possible to replace degenerating 
cells with healthy ones, this would most certainly lead to a revolutionary means of restor- 
ing function and vision to the retina and macula in particular. Careful and imaginative 
atention to the factors that can improve manipulating cells in microscopic ways in the 
subretinal space hold the roots of success in this endeavor. 
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Abstract 

Background: Age-related macular degeneration (AMD) is associated with degeneration 
and subsequent loss of the retinal pigment epithelium (RPE). Transplantation of allogeneic 
RPE cells seems to induce graft rejection. Therefore, autotransplantation was suggested. 
Iris pigment epithelial cells (IPE) are embryologically similar to RPE. 

Methods: Suspensions of freshly harvested autologous IPE cells (without culturing) were 
transplanted to the subretinal space of 37 rabbits. The eyes were examined with light and 
electron microscopy after 1, 2, 3 and 6 months, respectively. 

Results: On histological examination, the photoreceptor cells were preserved in grafted 
areas at 1-3 months and the transplanted IPE formed one or more contiguous layers on 
top of native RPE. There was no inflammatory response in the choroid and the chorio- 
capillaris remained patent. 

The grafted area retained the same configuration over 6 months but then appeared 
less pigmented and the photoreceptors disclosed a normal appearance. Only in circum- 
scribed locations with multilayers of cells was there a focal photoreceptor damage. 

Conclusion: When grafting freshly harvested autologous IPE cells to the subretinal space 
the photoreceptors generally survive for at least 6 months overlying the transplanted areas. 
Our observations suggest a scenario of remodeling of the cellular layers in the subretinal 
space over time where grafted IPE cells form a compound layer with the native RPE. 
Autologous IPE cells seem to have a potential of supporting photoreceptors, maybe also 
in diseases with RPE degeneration. 



Introduction 

Transplantation of RPE allograft has been performed both experimentally in animals and 
clinically in humans. A graft rejection is described. Therefore transplantation oi autologous 
cells, such as iris pigment epithelial cells, allows us to exclude immunogenic 
cellular responses and immunogenic graft rejection. 

Also graft failure of non-immunogenic causes, if present, can then be studied. 

In vitro experiments have indicated that IPE cells acquire the ability to phagocytose 
photoreceptor outer segments. 

IPE cells in culture did not show any retinoid metabolism but the presence of mRNA 
for cellular retinaldehyde binding protein (CRALBP) and for some related substances sug- 
gests the possibility that IPE cells may be able to metabolize retinol in a proper microen- 
vironment. The transdifferentiation ability of IPE cells was previously reported showing 
lens-forming potency and recently also documented in chicken. 
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IPE cells in tissue culture also demonstrate a functional barrier against macromolecules 
similar to RPE and may subsequently be able to maintain blood-retina barrier In vivo. 

In this study we present the results of IPE transplantation to the subretinal space of 
rabbit. 



Methods 

Autologous IPE cells were obtained from iridectomy specimens (Dutch belted rabbits). 

The iridectomy specimen was treated with trypsin (0.25%) - EDTA (0.02%) solution 
for 10 min and the IPE cells gently brushed off the posterior iris surface using a Lewis-Tano 
instrument. 

The fresh IPE cells were mixed with balanced salt solution to make a cellsuspension. 




Fig. 1. A core vitrectomy was performed followed by an injection of a stream of BSS from a glass 
micropipette, connected to a silicone tube, which produced a small retinotomy and a subretinal 
bleb at the inferior part of the medullary ray (A). About 20-25 pi of the IPE cell suspension (approx- 
imately 2-4 X 10"^ cells) was injected through the retinotomy into the subretinal space with the 

same micropipette (B) 



The grafts were monitored by ophthalmoscopy, fluorescein angiography and colour 
fundus photography. Rabbits were sacrificed at 1, 2, 3 and 6 months, respectively, and 
the eyes examined with light and electron microscopy, TUNEL-dye and immunohisto- 
chemistry. 



Results and Conclusions 

Following IPE cell transplantation the photoreceptors generally survive for six months. 
Transplanting fresh autologous IPE cells without culturing does not seem to be harmful 
on adjacent photoreceptors. 

Shortcomings in the described method/study. 
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A 

Fig. 2. Fundus photographs of live rabbit at 1 month and 6 months. The dark crescent inferiorly 

display the transplanted area 





Fig. 3. This picture depicts the normal appearance of native RPE in Dutch rabbit 



It remains to be determined to what extent grafted IPE cells are capable of supporting 
photoreceptors and maintaining the normal physiological function. 

Identification of grafted cells. 
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Fig. 4. Transplanted IPE cells appear heavily pigmented on top of the native RPE at one month 




Fig. 5. At six months, transplanted IPE cells were seen to integrate into a compound layer with the 

RPE 
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Fig. 6. Multilayers of cells in the subretinal space were associated with adjacent photoreceptor 
damage. In addition to transplanted IPE cells, the cellular multilayers disclosed native RPE and 

macrophages 




Fig. 7. Presumed IPE cell in close contact with native RPE and photoreceptor outer segments. 

Arrows show intracellular phagosorti 
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Some questions remains to be answered in experimental transplantation. 

1. Should we denude the original RPE before grafting? 

2. How do we mark the transplanted cells? 

3. Should we use fresh transplants or cultivated? 

4. Basal lamina. Should that be included? 

5. How does the transplanted area function? 

6. Do vitamin A metabolism take place? 

Correspondence: Sven Crafoord, M.D. PhD., Department of Ophthalmology, University Hospital 
Orebro, SE-701 85 Orebro, Sweden, E-mail: sven.crafoord@orebroll.se 
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Abstract 

A reproducible cell amount in the inoculate and its high viability are critical factors in 
autologous RPE transplantation. We therefore applied a technique of gentle mobilization 
and aspiration of RPE-s from the nasal area of the retina to 14 cadaver human eyes. The 
outcome was systematically evaluated for RPE cell amounts and their viability. Briefly, 
after retinotomy the retina was locally detached nasally of the optic disc with a subreti- 
nal injection of Ringer's solution. RPE cells were then gently mobilized over an area of 
2-4 disc diameters, aspirated, stained with Trypan blue, and the dye exclusion immedi- 
ately assessed. Total cell numbers ranged from 11.000 to 29.200 (19.976 ± 6.016), 
however, the harvesting efficacy (nr. of cells/disc area) was remarkably constant (6.1 65 ± 
746). Cell viability was high (82,0 ± 6,9%). We conclude that reasonable cell numbers 
of high viability suitable for autologous RPE transplantation can be efficiently harvested 
even from small retinal areas. 



Introduction 

Surgical membrane excision and consecutive autologous RPE-transplantation in patients 
with subretinal neovascular membranes due to AMD performed within one operative 
session requires an optimal mobilization and harvest of RPE-s [1]. Beside other factors, 
the success of the procedure should be assessed in cell amount as well as their viability 
in the RPE suspension transplant [2]. Flere we describe the application of a new micro- 
surgical technique for RPE cell aspiration using human cadaver eyes as a model system 
to determine the aforementioned two parameters. The cells were collected from the nasal 
paracentral area of the retina. 

The harvesting efficacy was determined as the number of cells per mobilization area 
for each single experiment. 

We demonstrate that a gentle mobilization and aspiration of RPE cells within a 
circumscribed nasal area of the retina yields reasonable numbers of viable cells with a 
constant harvesting efficacy. 
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Fig. 1. Microscopic preparation of a RPE-Aspirate: RPE-cell complex in Fuchs-Rosenthal counting 

chamber. Calibration mark -20pm 



Materials and methods 

We examined 14 human donor eyes (1 sample per eye) from 7 individuals (3 females, 
4 males). The death-to~harvesting time ranged from 9 to 42 hours (mean, 21,1 + 1 1,2). 

The median age was 79 years (range 69 to 90 years). Eyes with signs of visible ocular 
surgery, ocular inflammation or retinal disease were excluded from the study. 

After removal of the anterior segment a retinotomy was performed nasally from the 
optic disc with a subretinal pick. Retinal detachment was created by a subretinal injec- 
tion of Ringer's solution. RPE cells were gently mobilised with a bent blunt 39-gauge sub- 
retinal cannula (BD Ophthalmic systems) over an area of 2-4 optic disc diameter. This 
cell suspension was then aspirated either manually with a tube connected to a tuberculin 
syringe (10 cases) or by using an oil hydraulic microinjection pump (Oil-Trans Injector/ 
Eppendorf) (4 cases). Cells were stained with trypan-blue and immediately counted in 
blood counting chambers (Burker-Turk or Fuchs-Rosental) to assess their viability. The 
counts were carried out by 2 independent examiners. Harvesting efficacy was calculated 
in terms of cell number per optic disc surface area (1 da). To test the significance of dif- 
ferences, the Mann-Whitney-Wilcoxon and Student's - tests were applied. The Pearson 
Correlation was used to identify associations between variables. 

Results 

RPE cell yield in individual experiments ranged from 11.000-29.200 (19.976 ± 6.016 
cells, /mean ± S.D.) (Table 1 ). Viability rate by trypan-blue staining was 82,0 ± 6,9%. Har- 
vesting efficacy of samples was 6.165 ± 746 cells/1 disc area corresponding to 2.371 ± 
297 cells/mm^. 

Mean harvesting efficacy and mean cell viability by using the syringe technique were 
6.172 ± 813,4 and 81,8 ± 5,7, respectively. Similar numbers were achieved using the 
pump aspiration technique (6.147,7 ± 651,8 and 82,5 ± 10,4, respectively). 

The amount of contaminating cells like erythrocytes, photoreceptors fragments and 
other debris In the RPE cell aspirates was not determined in our study. 
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Table 1. Cell count and viability rates in 14 aspirates 



Aspirat 

nr. 


Patient/ 

Sex 


Age 

(years) 


DHT 

(hours) 


Aspiration 

technique 


cell 

count 


Area 

(da) 


Harvesting 

efficacy 

(cells) 


viability 

(%)* 


1 


1/f 


90 


15 


syringe 


1 1 .200 


2 


5600 


83 


2 


1/f 


90 


14 


syringe 


12.000 


2 


6000 


87 


3 


2/m 


69 


33 


syringe 


16.320 


3 


5440 


77 


4 


2/m 


69 


32 


syringe 


22.600 


3 


7533 


76 


5 


3/f 


88 


42 


pump 


20.000 


3 


6666 


67 


6 


3/f 


88 


41 


syringe 


24.000 


4 


6000 


70 


7 


4/f 


79 


9 


pump 


27.000 


4 


6750 


89 


8 


4/f 


79 


10 


syringe 


29.200 


4 


7300 


87 


9 


5/m 


77 


13 


pump 


22.700 


4 


5675 


88 


10 


5/m 


77 


14 


syringe 


19.000 


3 


6333 


85 


11 


6/m 


82 


16 


syringe 


27.400 


4 


6850 


86 


12 


6/m 


82 


17 


syringe 


16.250 


3 


5416 


85 


13 


7/m 


75 


20 


syringe 


21.000 


4 


5250 


82 


14 


7/m 


75 


19 


pump 


1 1 .000 


2 


5500 


86 


Mean 




80,0 ±7,1 


21,07 ± 11,2 


19.976 ± 6.016 


6.165 ± 746 


82,0 ± 6,9 



DHT death -to- harvest time 
da disc area 

* using trypan blue staining 



Discussion 

The microsurgical technique of RPE cell aspiration applied in our study is a relatively 
simple method for harvesting cells for autologous transplantation [1]. We have chosen 
the nasal paracentral area of the retina mainly for two reasons. First, it represents a clearly 
visible zone optimal for intraoperative manipulations and the retinotomy in this area can 
be easily closed either with a gas tamponade or the defect closes even on its own because 
of the posterior location. Second, this region exhibits a high density of RPE cells [3, 4]. 

An important feature of this technique was the high reproducibility of RPE cell acqui- 
sition. Although an individual variation in average RPE cell density, especially in the older 
retina, is well known [3, 4] very similar cell numbers per one disc area could be har- 
vested. We ascribed it the "harvesting-efficacy ratio". Its values have been remarkably 
constant in the present experimental setting (Table 1). 

Corresponding to mobilization areas of 2 to 4 optic disc diameters the total number 
of aspirated RPE cells ranged from 1 1 .000 to 29.200. We have chosen the parameter of 
the optic disc diameter intentionally, because it is a coined term used to determine the 
size of retinal structures in case of pathological changes and, furthermore, because of its 
usefulness for an intraoperative estimation of the RPE mobilization area. When trans- 
formed into the number of cells isolated per mm^, our data (2019 to 2898 cells/mm^) are 
fairly consistent with those from reports of different authors about RPE cell densities in 
the mid-peripheral nasal quadrant (about 3.200 cells/mm^) [3, 4], if a certain degree of 
cell loss due to the procedure is considered. It is also important to note that this cell yield 
seems sufficient for transplantation, as even lower numbers of aspirated RPE cells have 
been shown sufficient to establish a confluent monolayer in an area of approximately 
2,6-6 mm in diameter under optimal in vitro conditions [5, 6, 7]. However, it should also 
be mentioned, that RPE cell mobilization and acquisition is somewhat less crucial in the 
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cadaver eye due to a progressive post-mortem decrease in Bruch's membrane adhesion. 
Intraoperatively in living patients, stronger adhesion could result in lower cell numbers 
in the inoculates used for transplantation. 

The viability of RPE cells was high (82,0 ± 6,9%; range, 67% to 89%) and is in accor- 
dance with published data reporting RPE cell viabilities of 82% [8] and between 30-80% 
[6] in cadaver eyes within 48 h after death, respectively. Dead-to-harvesting time (DHT) 
on the one hand and total cell number, harvesting efficacy and cell viability on the other 
hand showed a significant correlation only between DHT and viability (r = -0,97; p < 

0.001, bonferroni adjusted). Neither general cell numbers, nor the level of harvesting 
efficacy seemed to be significantly associated with DHT duration. 

Although only used in a small number of cases, two different techniques of aspiration 
- manual with syringe vs. microinjection pump - yielded similar amounts of RPE cells 
with similar viability rates. The oil hydraulic microinjection device has been successfully 
used in animal studies with the aim to minimize the traumatic effects on the transplantable 
cells and the recipient tissue [9]. A comparison of these two aspiration techniques by the 
Student's T-Test and the Mann-Whitney-Wilcoxon -Test yielded no striking difference in 
this small sample. 



Conclusion 

In conclusion, our procedure of mobilizing and harvesting of RPE cells from the nasal 
paracentral region of the retina represents a feasible technique to be used efficiently for 
therapeutic applications in patients, since even from relatively small retinal areas a repro- 
ducibly high number of viable RPE cells can be harvested for further use. 
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Abstract 

It has been hypothesized that transplantation of iris pigment epithelial (IPE) cells to the 
subretinal space may be useful in the treatment of exudative age-related macular degen- 
eration following surgical removal of the neovascular complex. In practice, the success 
of IPE transplantation depends on (a) the transplantation of a sufficient number of IPE 
cells, (b) the ability of the transplanted IPE cells to form a monolayer that will cover the 
exposed photoreceptor outer segments, and (c) the acquisition of RPE cell characteristics 
and functions by the transplanted IPE cells. 

We have transplanted autologous IPE cells as a single cell suspension to the subreti- 
nal space in 20 patients; during the three years of follow-up the cells survived and did 
not adversely affect photoreceptors function. Stabilization of visual acuity was achieved 
in the majority of patients after IPE transplantation, and by fluorescein angiography none 
of the twenty patients showed any sign of recurrent vascular disease. The transplanted 
cells appeared to have remained at the site of transplantation, however it was not possi- 
ble to ascertain whether they had spread and formed a monolayer. Since the formation 
of a monolayer of cells is critical to the successful visual outcome of IPE transplantation, 
we have begun a series of experiments to optimize the culture of IPE and RPE cells and 
explore the feasibility of transplanting preformed monolayers of autologous IPE cells cul- 
tured on biodegradable substrates. 



Introduction 

Surgical extraction of subfoveal neovascular membranes in choroidal neovascularization 
is not particularly helpful since the underlying RPE is invariably removed resulting in poor 
visual outcome. Furthermore, several studies have shown progression of atrophy after 
membrane extraction and recurrence of the CNV in 30 to 40% of patients [4, 5, 8, 1 1, 
16]. Transplantation of retinal pigment epithelial (RPE) cells to the subretinal space has 
been examined in a number of experimental and clinical studies as a means of restoring 
normal subretinal conditions. However, the transplantation of homologous adult as well 
as fetal RPE cells in human subjects has resulted in immunological rejection due to slow 
host-graft response. To prevent rejection it would be necessary to transplant autologous 
RPE cells, which is being actively investigated by Binder and co-workers [6, 17]. 

Since autologous human RPE cells are difficult to obtain, whereas iris pigment epithe- 
lial (IPE) cells are easily obtained, it has been suggested that IPE cells be used to trans- 
plant to the subretinal space as a substitute for RPE cells. A number of investigators have 
demonstrated that RPE and IPE cells have in common many critical properties, such as 
pigmentation, cellular morphology, and formation of tight junctions [9, 10, 15, 20]. In 
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addition, it has been shown that in vitro human, porcine and rat IPE cells acquire the 
ability to phagocytize photoreceptor outer segments (ROS) and express proteins involved 
in retinol metabolism, which are specific properties of RPE cells in situ [20, 22]. It also 
has been shown that in rabbits a cell suspension of autologous IPE cells can be trans- 
planted to the subretinal space, where they form a monolayer on top of the original RPE, 
phagocytize ROS, develop microvilli, establish contact with the photoreceptor outer seg- 
ments, and show no evidence of rejection during a 20-week follow-up [7, 21 ]. Since adult 
IPE as well as RPE cells retain the ability to transdifferentiate into other cell types such as 
lens epithelial cells and neural retinal cells [12, 13, 24], it can be assumed that IPE cells 
transplanted into the subretinal space vyill transdifferentiate into RPE cells. 

In practice, the success of IPE transplantation depends on three factors, namely (a) the 
transplantation of a sufficient number of IPE cells, (b) the ability of the transplanted IPE 
cells to form a monolayer that will cover the exposed photoreceptor outer segments, and 
(c) on the acquisition by the transplanted IPE cells of characteristics and functions of RPE 
cell. Since to prevent rejections, the cells to be transplanted should be from the same 
patient it may not be possible to obtain enough cells in all cases, and it may be neces- 
sary to culture cells. However, even the transplantation of an optimal number of cells will 
not Insure that the cells will form a monolayer. Therefore, it may be necessary to trans- 
plant monolayers pre-formed by cells cultured on biodegradable membranes. However, 
since in culture with passage IPE as well as RPE cells loose many differentiated charac- 
teristics, it would be best to use primary cell cultures. Therefore, a method capable of 
yielding large numbers of primary IPE as well as RPE cells would be of great value for 
transplantation of these cells to the subretinal space. 

Since freshly isolated primary IPE and RPE cells grow rather slowly when they are ini- 
tially placed in culture, we have begun studies to optimize the culture of freshly isolated 
cells as well as studies to culture cells on biodegradable membranes, which can be easily 
manipulated and transplanted to the subretinal space. 



Material and methods 

Subretinal transplantation of IPE cells suspensions in CNV patients 

Patients 

Between June and November 1998, 20 patients (15 women and 5 men; age 33 to 85 
years) with exudative maculopathy underwent surgery for removal of subretinal neovas- 
cular membranes followed by transplantation of IPE cells to the subretinal space. Crite- 
ria of inclusion consisted of (1) CNV that Involved the geometric center of the foveal 
avascular zone, (2) best-corrected visual acuity of 20/50 or less in the eligible eye, and 
(3) decreased visual acuity within the last 3 months. All patients underwent a compre- 
hensive ophthalmologic examination preoperatively, which included anterior segment 
biomicroscopy, intraocular pressure measurement, fundus examination, fluorescein and 
an indocyanin green angiography, and microperimetry. Best-corrected distance visual 
acuity was measured by a certified visual examiner with the use of the Early Treatment 
Diabetic Retinopathy Study (ETDRS) chart according to a fixed protocol. 



Preparation of IPE cell suspension 

IPE cells were isolated from iridectomy tissue obtained from the eye undergoing vitrec- 
tomy. The IPE cells were mechanically Isolated from the underlying stroma without the 
use of enzymes to avoid damage and alteration of the cells. For each patient cells were 
prepared for injection into the subretinal space by suspending them in 20 pi of BSS. The 
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cell suspension was drawn into a Hamilton syringe fitted with a glass pipette tip, which 
had previously been coated with autologous serum. 



Injection of IPE cells into the subretinal space 

In all patients a 3-port pars plana vitrectomy was performed. A small retinotomy was 
made superior or temporal to the fovea; the fibrovascular membrane was seized with a 
forceps and extracted slowly through the retinotomy. The Hamilton syringe containing the 
cells was introduced and positioned just over the retinotomy and the cells injected slowly. 
After the cells were injected, a fluid-air or a fluid-gas exchange was performed. In one 
case, cataract surgery was performed prior to iridectomy and vitrectomy. All patients were 
scheduled for examination at 3 weeks, 3, 6, 12 and 36 months. The three-year follow-up 
was completed in 17 patients. 



Results 

Cell transplantation 

Submacular surgery with CNV extraction was performed in 20 eyes of 20 patients and 
autologous, freshly isolated IPE cells were successfully transplanted to the subretinal space 
in 19 out of the 20 patients. In these patients preoperative best-corrected visual acuity 
ranged from 20/1000 (logMAR 1.7) to 20/125 (logMAR 0.8), with a mean 20/320 
(logMAR, 1 .2). Preoperative fluorescein angiography showed classic subfoveal CNV due 
to AMD in 9 eyes, occult subfoveal CNV in 7 eyes, and either idiopathic CNV or CNV 
associated with dominant drusen or pathologic myopia in four eyes. 

Three years after IPE transplantation, best-corrected visual acuity ranged from hand 
movements (logMAR, 2.0) to 20/100 (logMAR, 0.7), with a mean of 20/320 (logMAR, 
1 .2). Compared to preoperative visual acuity, one patient showed improvement of 3 lines 
or more on the ETDRS chart, 13 patients retained stable visual acuity with a change of 
less than 3 lines, and 3 patients showed decreased visual acuity of 3 lines or more. Of 
the 3 patients that showed decreased visual acuity, one patient had suffered from pro- 
liferative vitreoretinopathy (PVR) and had undergone 2 revisional vitrectomies. 

In fundus photographs transplanted cells appeared as dark spots in the area of the 
transplant, which appeared to remain stable in size and shape throughout the observa- 
tion period. Throughout the 36 to 44 months follow-up period, the retina appeared healthy 
with no evidence of immunologic rejection, e.g. macular edema. In postoperative 
angiograms, we did not observe any recurrence of CNV during the three-year follow-up 
period in any of the patients. By macular perimetry, none of the patients showed central 
fixation or responses over the transplanted areas three years after submacular surgery. 

All 19 phakic patients developed a cataract and underwent cataract surgery; in one 
case, phakoemulsification was combined with the initial vitrectomy and IPE transloca- 
tion. During the first two months postoperative I y two of the 19 patients successfully 
injected with IPE cells experienced significant complications, namely retinal detachment 
and proliferative vitreoretinopathy (PVR), and underwent revision vitrectomy with silicone 
oil endotamponade at 3 months. 



Discussion 

The development of neovascularization leads to irreversible damage to the RPE and pho- 
toreceptors, and surgical excision of the membranes is associated with the traumatic loss 
of the RPE cell layer and damage to Bruch's membrane, which prevents restoration of 
vision. Therefore, membrane extraction should be accompanied by the restoration of the 
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Bruch's membrane-RPE complex. A number of investigators have attempted to repair the 
damaged RPE-Bruch's membrane complex by transplanting homologous RPE cells or fetal 
RPE cells to the subretinal space. However, these cells were rejected [1-3]. To prevent 
rejection it would be necessary to transplant autologous RPE cells. Even though possible, 
autologous RPE cells are difficult to obtain routinely, therefore, we have transplanted 
autologous IPE cells. The transplantation of IPE cells as a substitute for RPE cells is based 
on the hypothesis that IPE cells have the ability to transdifferentiate into RPE cells in the 
subretinal space environment. This hypothesis is supported by evidence that IPE cells are 
"plastic" and are able to transdifferentiate into lens cells and into neural retinal cells, etc. 
when given the appropriate environmental stimuli [12, 13, 24]. In vitro IPE cells have the 
ability to phagocytize ROS and express the appropriate enzymes to metabolize retinol 
[22, 23]. In addition, the hypothesis that IPE cells may acquire RPE functions in the sub- 
retinal space is supported by experiments In which single cell suspensions of IPE cells 
transplanted to the subretinal space of rabbits acquired morphological characteristics of 
RPE cells, phagocityzed rod outer segments and formed a monolayer [7, 21]. 

In the clinical study presented here, the majority of patients who were examined 3 
years after autologous IPE transplantation showed improvement or stabilization of visual 
acuity, a visual outcome at least as good as those reported after classic membrane extrac- 
tion. In addition, during the follow-up period (36 months or longer) there was no recur- 
rence of neovascularization in any of the patients, suggesting that the transplanted IPE 
cells in the subretinal space synthesize anti-angiogenic substances and could be consid- 
ered a treatment option for patients with exudative maculopathy in combination with sur- 
gical excision of the neovascular membranes. 

In our series of patients, we observed that the transplanted IPE cells remained fun- 
duscopically unchanged at the site of transplantation, possibly as a clump, suggesting that 
they were not able to spread or migrate or divide. The cells must have remained alive, or 
after three years we would have expected to see only dispersed pigmented debris. 
However, clinical examination by funduscopy or other means can only suggest but does 
not allow the determination of cell morphology, location and fate of the transplanted cells. 
Determination of cell morphology and cell fate will require the development of an animal 
model, which develops choroidal neovascular membranes, which can be excised prior 
to cell transplantation. 

In our study, IPE cells were successfully transplanted to the subretinal space of patients 
following excision of neovascular membranes and these cells may have contributed to 
the prevention of neovascularization recurrence and to the stabilization of visual acuity. 
However, the ultimate goal of Improvement or restoration of vision was not achieved. 
There are a number of considerations for the lack of a better visual outcome in these 
patients, namely the cells did not differentiate functionally, the cells did not acquire the 
proper morphological position vis-a-vis the neural retina, or the cells did not spread and 
form a monolayer as the result of an altered or damaged Bruch's membrane. One obvious 
solution to reduce these problems would be the transplantation of IPE cells as a sheet of 
cells with apical and basal domains already established. Transplantation of a sheet of cells 
with the appropriate morphology requires an efficient cell culture system and an appro- 
priate biodegradable substrate, which allows for efficient cell attachment and growth and 
that can be handled without severe damage to it or to the cells attached to it. In addi- 
tion, a suitable instrument to handle such cell sheets must be developed. 

We have begun a series of studies to develop a culture system that allows RPE and 
IPE cells to grow efficiently, to acquire and maintain epithelial morphology. A culture 
system of IPE and RPE cells that allows for efficient cell proliferation, while maintaining 
morphological and functional characteristics would be invaluable for studies of trans- 
plantation, differentiation, and gene transfer directed at the Bruch's membrane-retina 
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complex [1 8]. In addition, we have begun studies to culture cells on biodegradable mem- 
branes, which allow for the growth and acquisition of proper morphological and func- 
tional characteristics. Our preliminary results indicate that these membranes with attached 
cells are durable enough to be manipulated and transplanted to the subretinal space. 
These studies are still at an early stage and it is difficult to assess whether transplantation 
of cell sheets in AMD patients will result in a better visual outcome than the transplan- 
tation of cell suspensions. We are also experimenting with different types of biodegrad- 
able membranes to define the most biologically appropriate membrane. 
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Abstract 

Objectives: To report practicability and efficacy of autologous iris pigment epithelium 
(I PE) translocation in exudative age-related macular degeneration (ARMD) over one year. 
Methods: The consecutive interventional case series included 56 patients with exudative 
ARMD. During vitrectomy the submacular neovascular membrane (CNV) was removed 
and IPE cells, harvested from a peripheral iridectomy, were injected into the submacular 
space. Included were patients with subfoveal occult CNV (1 1 eyes), classic CNV (1 0 eyes), 
mixed CNV (18 eyes), CNV with a pigment epithelial detachment (13 eyes) or with a 
hemorrhage (5 eyes). Outcome measures were visual acuity, foveal fixation, size of CNV 
and rate of recurrence based on fluorescence angiographic imaging. 

Results: All patients underwent successful surgical removal of the CNV with consecutive 
subretinal IPE injection. Mean preoperative visual acuity (1.0 +/- 0.3logMAR units) did 
not change significantly after one year (1 .0 +/- 0.3 logMAR units). Ten eyes (1 7.8%) devel- 
oped a recurrence. Fixation within the surgically denuded area could be demonstrated 
in 25 eyes (45%). 

Conclusions: Autologous IPE translocation for ARMD over one year can preserve foveal 
function on a low level, but cannot improve visual acuity. IPE translocation is technically 
feasible with a low rate of complication. Continued research seems justified to improve 
functional outcome. 



Introduction 

Age-related macular degeneration (ARMD) is characterized by diseased retinal pigment 
epithelium (RPE), Bruch's membrane and choriocapillaris followed by insufficiency of 
photoreceptor cells and visual loss. In exudative ARMD neovascular choroidal vessels 
grow through Bruch's membrane underneath the retina or the RPE, accelerating pho- 
toreceptor cell loss. Selective removal of classic CNV [1 1] was found to be more bene- 
ficial in young patients with presumed ocular histoplasmosis syndrome (POHS) or myopia 
[1 7] than in patients with ARMD [8]. So far, CNV removal in ARMD has been unable to 
maintain or revive subfoveal RPE. As RPE cells are considered crucial for maintenance 
and function of photoreceptors, restoration of RPE cell function is under investigation 
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either by translocation of the macula to neighbouring intact RPE [10] or by transplanta- 
tion/translocation of pigmented cells. Autologous translocation of RPE cells has been 
reported [12]. Homologous RPE transplantation failed due to macular oedema, probably 
as a result of immunologic graft rejection [1]. Lately, IPE cells have been suggested as 
RPE-substitute [13]. IPE cells can easily be isolated from an iridectomy and be injected 
subretinally. IPE translocation was performed in patients with ARMD and followed for 6-8 
months [9, 18]. Stable visual acuity was reported for up to 6 months. We now report the 
follow-up results one year after autologous IPE translocation in patients with exudative 
ARMD. 



Method 

A consecutive interventional case series was performed on patients with exudative ARMD 
recruited between 1998 and 2000 in Aachen (Germany). The prospective pilot study was 
set up on 56 consecutive patients (56 eyes), 38 women and 18 men. 

Inclusion criteria were: Exudative ARMD, fluorescein angiographic evidence of 
classic, occult or a mixed subfoveal neovascularisation according to the MPS (Macular 
Photocoagulation Study Group) classification. Classic CNV size needed to be more than 
2 disc areas, a size that was found not to be beneficial according to the MPS study 
[Macular Photocoagulation Study Group, 1991 #4]. Photodynamic therapy was not yet 
approved in Germany at the time of the study. Inclusion into the study also required a 
visual acuity below 20/63 and above light projection, that the patient had experienced a 
recent, subjectively relevant visual loss and willingness to participate in the trial and to 
attend all follow-up examinations after informed consent. Exclusion criteria were: prior 
macular laser photocoagulation, radiation therapy or submacular surgery; severe systemic 
or additional ophthalmic disease; participation in any other study. 



Intervention 

IPE translocation was done as reported in a previous study [9] with minor modifications. 
Briefly, isolation of IPE cells from 2 peripheral iridectomies was followed by a complete 
pars plana vitrectomy including a delamination of the posterior vitreous. According to the 
fluorescein angiographic images the edges of the neovascular membrane were evaluated 
and the retinotomy site determined. Usually, the retinotomy was positioned temporal to 
the fovea at the margin of the membrane. A retinal bleb was created by a slow subreti- 
nal injection of BSS with a 20jil glass micropipette that was connected by a flexible tube 
to a 2.0cc syringe. An angled subretinal pick was used to free the CNV from the sur- 
rounding tissue. Then the membrane was grasped and removed with a horizontally 
opening subretinal forceps (Dutch Ophthalmic Research Center, Int., b.v., Netherlands) 
through the same retinotomy. If necessary, additional BSS was injected into the retinal 
bleb to achieve a tight wall. A fluid air exchange was performed and any remaining fluid 
was removed from the posterior pole via flute needle. The isolated IPE cells were injected 
with the glass micropipette through the peak of the retinal bleb into the subretinal space. 
Patients were postured supine at the day of surgery to support adhesion of the injected 
cells until the subretinal bleb was absorbed. All treatments were given in accordance with 
the guidelines of national legislation and the declaration of Helsinki. 



Main outcome measures 

The size of the CNV was expressed in correlation to disc areas. The area of the CNV and 
the optic disc were measured using Heidelberg Eye Explorer software (Heidelberg, 
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Germany). The size of classic CNVs was determined during the early phase of fluorescein 
angiography including the area of hyperfluorescence and the surrounding hypofluores- 
cent rim. The borders of occult CNVs were estimated by early leakage during the late 
phase of fluorescein angiography. The area of pigment epithelial detachments was 
assessed by early leakage in fluorescein angiography. The size of occult CNVs associated 
with submacular hemorrhage was estimated with fluorescein and indocyanin angiogra- 
phy including the dimensions of the CNV (late hyperfluorescence) and blocked fluores- 
cence due to subretinal blood. Submacular bleeding was classified as hemorrhage when 
it covered an area over 6 disc areas. 

Follow up examinations were performed 6 weeks, 3 months, 6 months and 1 year 
postoperatively. The size of the postoperative surgically denuded area was determined on 
the basis of the early hyperfluorescent area in fluorescence angiography. Pre- and post- 
operative examinations included best corrected visual acuity based on the Early Treat- 
ment Diabetic Retinopathy Study (ETDRS) chart. Means were calculated with LogMAR 
values. Hand movements were set to 2.0logMAR units. Slit lamp examination, colour 
fundus photography, fluorescein and indocyanin angiography were performed at each 
follow up examination. 

Macular fixation was determined using the Rodenstock scanning laser ophthalmo- 
scope (SLO; Rodenstock, Germany) with refined software for microperimetry (Software 
Aachen) [19]. The size of the fixation cross was 10 x 10 to 20 x 20 pixels. Each fixation 
test involved an adaptation of the retinal image to the presented fixation cross with a 
retinal landmark. The microperimetrically determined fixation site was transferred to the 
fundus photographs and to the angiograms to relate it to the estimated fovea and the post- 
surgical RPE defect. 



Subgroup analysis 

As potential predictors for a significant change in visual acuity pre-, intra- and postoper- 
ative observations were considered. As preoperative factors age, gender, diagnosis, visual 
acuity and the size of the CNV were examined. As an intraoperative factor choroidal hem- 
orrhage was included. As postoperative observations size of the surgically denuded area, 
change of fixation, recurrences and complications were taken into consideration. The 
influence of cataract surgery was also examined. 

Patients were subdivided into groups within each factor and their P values were com- 
pared to determine a significant decrease in visual acuity using chi squared test or Fisher's 
exact test. The decision between chi square test and Fisher's exact test was made by 
expected cell frequencies. Logistic regression was used to evaluate the relationship 
between a significant decrease in visual acuity and the variables showing a distinct inter- 
dependency with the decrease of visual acuity of at least 3 lines. 



Results 

Of the 56 patients with subfoveal CNV 1 1 eyes (19.6%) showed an occult type, 10 eyes 
(17.9%) showed a classic type and 17 eyes (30.4%) showed a mixed type of CNV, 13 
eyes (23.2%) had a PED and 5 eyes (8.9%) presented with submacular hemorrhage. 
Twenty-two patients (39.3%) were phakic when they entered the study; the remaining 
were pseudophakic (28 cases, 50%) or underwent cataract surgery with implantation of 
an intraocular lens during submacular surgery (6 cases, 10.7%). 

Mean preoperative visual acuity was 20/200 (1 .0 +/- 0.3 logMAR). The average time 
between IPE-translocation and drop of visual acuity was 1 7.4 (+/-12.9) weeks. One year 
after surgery mean visual acuity was 20/200 (1 .0 +/- 0.3 logMAR). 
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Fig. 1. Left, Preoperative photograph of a 67 year old, male patient with an occult CNV and a 
visual acuity of 20/1000. Center, The postoperative fundus photograph shows a surgically denuded 
area with pigmented material, visual acuity improved significantly to 20/320. Right, SLO microperi- 
metric image demonstrating fixation within the surgically denuded area 



Preoperatively 7 patients (12.5%) were found with a visual acuity better than 20/100, 

1 2 (21 .4%) had a visual acuity between 20/1 00 and 20/1 60, 26 (46.4%) between 20/200 
and 20/320 and 1 1 (1 9.6%) had a visual acuity less than 20/320. Postoperatively 4 (7.1 %) 
patients showed a visual acuity better than 20/100, 14 (25%) had a visual acuity between 
20/100 to 20/160, 30 (53.6%) between 20/200 and 20/320 and 8 (14.3%) had a visual 
acuity less than 20/320. 

A significant change in visual acuity was defined as a change of at least 3 ETDRS 
lines. According to this classification visual acuity improved significantly in 13 (23.2%) 
cases, decreased in 13 (23.2%) cases and remained unchanged in 30 (53.6%) cases. 

With respect to preoperative visual acuity a significant improvement in visual acuity 
was observed in 9 out of 1 1 patients (81 .9%) with a preoperative visual acuity lower than 
20/320. A significant decrease was found in 5 out of 7 (71 .4%) patients with a preoper- 
ative visual acuity better than 20/100. Most patients had a preoperative visual acuity 
between 20/100 and 20/320 (38 cases, 67.9%), only 21% (8 patients) of those developed 
a significant decrease in visual acuity. No patient with a low visual acuity (<20/320) 
showed a significant decrease In visual acuity. 

There was no significant change in visual acuity with respect to type of CNV. Preop- 
erative fixation was foveal in 43 (76.8%) patients and extrafoveal In 13 (23.2%) patients. 
Postoperatively, fixation crosses were related to the surgically denuded area that was left 
after removal of the CNV and could be identified with SLO perimetry as a bright area. In 
25 (44.6%) patients fixation occurred within the surgically denuded area (Fig. 1). In 18 
(32.1 %) patients fixation occurred outside the surgically denuded area. These patients lost 
foveal fixation after surgery. In 13 (23.2%) eyes preoperatively, extrafoveal fixation was 
retained after surgery at an extrafoveal location at the margin or outside the surgically 
denuded area. In some patients pigmented areas could be detected as dark spots within 
the RPE defect. 

Preservation of fixation within the RPE defect was not related to size of the RPE-defect. 
Preoperative foveal fixations were found in small as well as in large CNVs (71.4%-90% 
patients with foveal fixation) and could be found within small to large surgically denuded 
areas (39.1%-56.3% patients with fixation within the surgically denuded area, 1). More- 
over, postoperative fixation within the RPE defect was not related to the type of CNV. Fix- 
ation within the RPE defect could be found in 36.4% (4 cases) of occult CNVs, 46.2% (6 
cases) of pigment epithelial detachments (PED), 47.1% (8 cases) of mixed CNVs, 40% (4 
cases) of classic CNVs and in 60% (3 cases) of patients with a submacular hemorrhage. 

However, mean preoperative visual acuity, was significantly lower in patients with 
preoperative extrafoveal fixation (20/400, 1.3 +/- 0.3logMAR) than in those with foveal 
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fixation (20/200, 1.0 +/- 0.3 logMAR). Postoperatively, mean visual acuity did not differ 
significantly in patients with fixation within the surgically denuded area (20/200, 1.0 +/- 
0.3 logMAR) compared to patients who lost foveal fixation or maintained extrafoveal 
fixation (20/200, 1 .0 +/- 0.3 logMAR). Among the patients with a preoperative foveal 
fixation (43 patients, 76.8%) only 13 (30.2%) and none of those with a preoperative 
extrafoveal fixation experienced a significant decrease in visual acuity. 

Postoperative fluorescein angiography revealed hyperfluorescence in the surgically 
denuded area without late leakage In most cases indicating that the choroidal neovascu- 
lar membrane was removed successfully and did not recur. The mean preoperative size 
of the choroidal neovascular membranes was 6.5 +/- 6.0 disc areas (range 2-35 disc 
areas). Postoperatively, the mean size of the surgically denuded area was 9.5 +/- 6.8 disc 
areas (range 2-45 disc areas). Mean visual acuity did not differ significantly in small to 
large membranes both pre- and postoperatively. 

In 10 patients (17.8%) we observed a recurrence or persistence of the CNV. Seven 
patients (12.5%) showed late hyperfluorescence as early as 6 weeks after surgery devel- 
oping into a recurrence during the later follow up. In 3 cases (5.4%) late hyperfluores- 
cence was found 3 months postoperatively. This suggests that in most cases a persistence 
could be the reason for a recurrent CNV. In 3 cases (5.4%) the recurrence was treated by 
argon laser photocoagulation as it showed well demarcated borders and was located 
extrafovea 1 1 y. 

Further postoperative complications were retinal detachment with PVR that was 
treated by pars plana vitrectomy and injection of silicone oil (1 eye). One patient devel- 
oped a macular pucker and another patient showed subretinal bleeding and vitreous hem- 
orrhage. Both underwent pars plana re-vitrectomy. Postoperative complications resulted 
in a decrease in visual acuity (mean preoperative visual acuity 1.0 +/- 0.2 logMAR 
units, mean postoperative visual acuity 1.4 +/- 0.4 logMAR units) whereas mean visual 
acuity in patients without complications remained unchanged (mean preoperative visual 
acuity 1.1 +/- 0.3 logMAR units, mean postoperative visual acuity 1.0 -h/- 0.4 logMAR 
units). 

Intraoperative bleeding during removal of the subfoveal membrane was observed in 
5 cases (9%). Subretinal injections with balanced salt solution were performed to remove 
the hemorrhage until no further blood was left. Intraoperative bleeding resulted in a sig- 
nificant decrease in visual acuity in 4 out of 5 cases (80%; mean preoperative visual 
acuity 1.0 +/- 0.3 logMAR units, mean postoperative visual acuity 1.4 +/- 0.3 logMAR 
units). 

Further surgical procedures included implantation of an intraocular lens in 11 cases 
(19.6%). Twenty-eight patients (50%) were pseudophakic preoperatively or an intraocu- 
lar lens was implanted at the time of IPE translocation (6 cases, 10.7%). The remaining 
1 1 patients (19.6%) were still phakic at the end of the follow up. 



Discussion 

We investigated the long-term results after removal of choroidal neovascular membranes 
and IPE translocation in patients with advanced exudative ARMD. After 12 months follow 
up mean visual acuity did not change significantly. In contrast to allogenic transplanta- 
tion of fetal RPE no morphologic sign of rejection of the translocated cells could be found. 

Only 13 patients (23%) experienced a significant decrease in visual acuity of at least 
3 lines. According to the MPS, all patients with subfoveal classic membranes larger than 
2 disc areas with or without laser treatment showed a mean decrease of 3 lines after 1 
year. In our study mean visual acuity in classic CNVs remained unchanged. In the MPS 
study patients were not included if visual acuity was worse than 20/320 and the mem- 
brane was larger than 3.5 disc areas. In this study the mean CNV-size ranged from 2-35 
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disc areas (mean 6.6), and 11 patients (19.6%) had a preoperative visual acuity of less 
than 20/320. 

In the Photodynamic Study Group (TAP) report, 58% of patients with mixed CNV were 
reported to loose at least 15 letters (3 lines) without treatment whereas only 40% of 
patients lost at least 3 lines with treatment. After IPE translocation a decrease of at least 
3 lines was found in only 29% of patients with mixed CNV. However, in the PDT study 
20/200 was the lower limit for visual acuity, the CNV size was not larger than 5400 pm 
(approximately 3.5 disc areas) and at least 50% of the CNV had to be classic. 

In patients with occult CNV, a moderate to severe loss of vision of at least 3 lines can 
be expected without treatment in 66% of eyes after twelve months [3]. In this study, we 
observed a significant decrease (a decrease of at least 3 ETDRS lines) in 9% of patients 
with occult CNV and in 31% of patients with PED. In patients with subretinal haemor- 
rhage and lesion sizes larger than 6 disc areas, a final visual acuity less than 20/200 can 
be expected in 71% of all cases [2]. 

In the Submacular Surgery Trial (SST), CNV removal was performed in patients with 
recurrent CNV after laser treatment of juxta- or extrafoveal lesions. A decrease of at least 
2 lines was observed in 45% of all cases, compared to a decrease of 23% of at least 3 
lines in this study. Again, comparability is limited as the size of the CNV was limited to 
9 disc areas including the laser scar in the SST study. Considering that the subfoveal 
portion was a recurrence of juxta- or extrafoveal CNV the final shortest distance of the 
recurrent CNV between its outer margin to the fovea might have been smaller than with 
IPE translocation suggesting a better visual prognosis. 

A retrospective study of patients who received subfoveal CNV-removal accompanied 
by subretinal injection of recombinant tissue plasminogen activator showed that 28% of 
all patients experienced a significant decrease and 28% of all patients experienced a sig- 
nificant increase in visual acuity of at least 3 lines. In 42% of all patients visual acuity 
remained stable [11]. The mean size of the CNV was 5 disc areas, which is comparable 
to the mean size of the CNV in this study (6.5 +/- 6.0 disc areas). Membranes included, 
however, were predominantly classic and 54% were associated with a subretinal hem- 
orrhage. Prognosis of subretinal hemorrhage depends on the size of the hemorrhage, its 
location and the time of surgery and has been reported to lead to a decrease in visual 
acuity in only 5.6-20% [14]. 

Subgroup analysis revealed that after IPE translocation significant changes in visual 
acuity could be found in patients with either good or low visual acuity. No patient with 
a low initial visual acuity (<20/320) experienced a further significant decrease after one 
year. Although the mean level of initial visual acuity in this category was low (20/800, 
1 .6 logMAR units), those patients even showed a significant increase (20/250, 1 .1 logMAR 
mean postperative visual acuity). Visual prognosis was not significantly correlated to CNV- 
type or size of the CNV. Part of the retinal function compromised by the CNV might have 
been restored after removal of the CNV together with subretinal exudations that may have 
formed a barrier to the transport of nutrients from the choriocaplllaris. Visual restoration 
has been also reported after CNV removal and subretinal injection of tissue plasminogen 
activator in patients with large CNV (>2 disc areas) and low visual acuity (<20/200) due 
to ARMD. 

Five out of 7 patients (71 .4%) with a good initial visual acuity (>20/100) experienced 
a significant decrease in visual acuity following IPE translocation. Other studies showed 
likewise that decreases in visual function are more likely in patients with exudative ARMD 
and good initial visual acuity. Obviously, removal of the CNV and IPE translocation was 
not able to preserve retinal function on an elevated functional level. On the other hand, 
some patients (4 cases, 7.1%) reached good final functional levels (>20/100) after IPE 
translocation. Consequently, other reasons than the surgical trauma might contribute to 
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the low levels of postoperative visual acuity. Histopathologic studies of choroidal neo- 
vascular membranes have shown the photoreceptor cells and the choriocapillaris as part 
of the fibrovascular tissue [4]. Removal of such still functioning structures cannot be ruled 
out with any surgical membrane extraction and might result in a non-supportive envi- 
ronment for the translocated I PE cells. 

Fixation was the second factor found to be significantly correlated to visual progno- 
sis after IPE translocation. SLO perimetry revealed an area denuded of RPE at the poste- 
rior pole. In 25 patients (45%) postoperatively fixation could be localized within the RPE 
defect. It is well accepted that patients with geographic atrophy usually develop central 
scotomas from the RPE defect, accompanied by extrafoveal fixation at the margin of the 
atrophic area and only occasionally show fixation within the zone of atrophy [1 5]. Similar 
observations are reported after removal of submacular CNV [7]. 

Assuming that fixation within the RPE defect might reflect preserved photoreceptor 
function by translocated IPE cells, we would expect an advantage on visual acuity. Visual 
acuity, however, did not correlate with postoperative fixation, implicating that fixation 
within the surgically denuded area might be a more sensitive functional parameter than 
visual acuity in very low levels of visual acuity. Ophthalmoscopy and SLO perimetry 
revealed pigment clumps in some eyes within the field of RPE defect. As reported earlier, 
it is impossible to reveal its origin from RPE or from translocated IPE [9]. The injected IPE 
suspension consisted of cell clumps as well as of single cells. Single cells cannot be 
detected by ophthalmoscopy. Consequently, translocated IPE single cells cannot be doc- 
umented. Resident retinal pigment epithelial cells repopulate RPE defects insufficiently 
after surgical CNV removal in ARMD [6]. In consequence, the RPE defect may not have 
been covered by resident RPE cells or by translocated IPE cells in some cases, resulting 
in a low postoperative visual acuity or extrafoveal fixation. In some eyes fixation was 
found on hyperpigmented spots within the area of RPE defect. This observation was con- 
firmed by dynamic testing with the SLO fixation cross, when light perception was given 
in proximity to the pigmented material. 

Fixation within the RPE defect was independent from the size of the defect. This obser- 
vation rules out that fixation is affected by RPE from the margin of the defect. Patients 
with subfoveal RPE defects prefer to fixate extrafovea 1 1 y, namely at the margin of the 
defect, as documented for 31 eyes (55%) in our series. Similary, patients with geographic 
atrophy fixate extrafovea 1 1 y, at the margin of the atrophy zone independent from its size. 
Therefore, fixation in the area of RPE atrophy after IPE translocation in this study may 
signal a protective effect of IPE on retinal photoreceptors over one year. IPE cells have 
been shown to synthesize similar growth factors as RPE cells in vitro [Kociok, 1998 #11] 
and to be capable of phagocytosis of photoreceptor rod outer segments to some extent 
[Rezai, 1997 #12; Thumann, 1998 #13]. The supportive effect of translocated IPE cells 
within the RPE defect may be so weak that it does not result in a measurable improve- 
ment of visual acuity. 

Interestingly, patients with preoperative extrafoveal fixation showed a significant 
increase in mean postoperative visual acuity despite persistent extrafoveal fixation. In 
those patients recovery of foveal fixation might have been hampered by irreversible pre- 
operative damage of foveal photoreceptors. The surgical procedure of CNV removal and 
IPE translocation stabilized vision significantly at the low mean level of 20/200. 

In our series the rate of CNV recurrence and persistence was 1 8% (1 0 cases) after one 
year. A similar rate of recurrence (24%) was reported after removal of predominantly 
classic CNV [11]. Other studies reported a recurrence rate of 46% after removal of classic 
subfoveal membranes [1 6]. In the Submacular Surgery Trial (SST) "late hyperfluorescence" 
was found in more than 50% of all surgically treated eyes at the 12-month examination. 
A possible explanation for this pronounced difference could be that only patients with 
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recurrent CNVs after laser treatnnent of juxta- and extrafoveal choroidal membranes sec- 
ondary to ARMD were included in the SST study. Laser treatment is not selective for the 
RPE and CNV but destroys retinal structures resulting in scar formation throughout the 
retina. Preoperative scar tissue may compromise the complete surgical removal of recur- 
rent membranes. CNV recurrence was reported higher than in our series after laser pho- 
tocoagulation of subfoveal and juxtafoveal CNV. Laser treatment for extrafoveal CNV in 
ARMD showed a recurrence in 59%. In our study 70% of patients with a recurrence or 
persistence showed a mixed CNV preoperatively. Histopathologic studies have demon- 
strated that the classic part of the CNV in fluorescence angiography correlates with 
choroidal neovascularization above the RPE cell layer wheras occult CNV grows beneath 
the RPE [5]. It might be possible that parts of the mixed CNV show different consistency 
and adherence to neighbouring RPE cells, leading to increased risk of persistence after 
CNV removal. Recurrences in this study did not result in a significant decrease in visual 
acuity after one year possibly due to their location outside the fovea and at the surgical 
margin of the RPE defect. 

The rate of intra- and postoperative complications following I PE translocation was 
14.2% (8 cases). Postoperative complications requiring additional re-pars plana vitrec- 
tomy included 3 cases (5.3%) which is considerably low, 1 of those patients (1.8%) was 
retreated by silicone oil for PVR. The SST study reported 9% of patients that received addi- 
tional intraocular treatment due to retinal detachment and 9% due to submacular com- 
plications. The rate of intraoperative complications in this study was 9% (5 cases), resulting 
from subretinal bleeding after CNV-removal before injection of IPE cells. 

Despite the obvious stabilization of visual acuity in many patients in this study after 
one year, the effect of IPE translocation to date is difficult to Interpret. Since IPE cell as 
well as photoreceptor cell viability and survival cannot directly be tested, a prospective 
randomized trial could give more insight into significant results of this technique. The low 
rate of complications and the shortness of the surgical procedure encourage future efforts 
to investigate IPE translocation, e.g. to improve functional outcome by optimizing IPE cell 
attachment in the wounded area after CNV removal. 
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Abstract 

Purpose: The retinal pigment epithelium (RPE) has been assumed to be causally involved 
in the pathogenesis of age-related macular degeneration (ARMD). The purpose of this 
prospective study was to determine the feasibility, safety and visual outcome of trans- 
planting HLA-typed RPE cells in a series of patients suffering from ARMD with geographic 
atrophy of the RPE. 

Patients and methods: RPE cells were isolated from donor eyes and cultured in a special 
medium. One part of the culture was subcultured for HLA-typing, the other part cryo- 
preserved in a cell bank. In 9 eyes of 9 patients suffering from bilateral ARMD with geo- 
graphic atrophy and visual deterioration, HLA-matched RPE cells were transplanted into 
the subretinal space. Patients underwent postoperative immunosuppressive therapy for six 
months. 

Results: Throughout the follow-up of 6 months, no evidence of inflammation, infection 
or rejection of the graft was noted in any eye. There were no major retinal complications. 
In one treated eye, a retinal edema could be detected by fluorescein angiography and 
optical coherence tomography (OCT) that was due to the development of choroidal neo- 
vascularization (CNV). The vision slightly increased in four treated eyes, it remained stable 
in three treated eyes and declined in two treated eyes, whereas in none of the fellow eyes 
vision increased, remained unchanged in five eyes and decreased in four eyes. 

Conclusion: The transplantation of adult human RPE cells In the subretinal space proved 
to be a safe surgical procedure. The use of HLA-matched RPE cells and postoperative 
immunosuppression seem to reduce the risk of graft rejection. The preliminary results of 
this study are encouraging with regard to the aim of RPE transplantation to arrest or delay 
the progression of the damage to the retina caused by geographic atrophy of the RPE. 



Introduction 

Age-related macular degeneration (ARMD) is characterized by a progressive deterioration 
of vision and constitutes a leading cause of legal blindness and severe central visual loss. 
It has been assumed that the retinal pigment epithelium (RPE) is causally involved in the 
pathogenesis of ARMD. The development of geographic atrophy of the RPE, the advanced 
form of atrophic ARMD, is associated with progressive pathological changes in the RPE 



This study has been approved by the Ethics Committee of the Arztekammer Hamburg, Germany 
(date of acceptance 2 September 1 998). 
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and RPE loss which results in a secondary atrophy of the choriocapillaris and the 
photoreceptors [1, 2, 3]. 

Although several therapeutic strategies have been attempted in the past, there is cur- 
rently no effective medical or surgical treatment for geographic atrophy. Regarding the 
pathogenesis of the disease, the transplantation of healthy RPE cells appears to be a causal 
therapy. However, first experimental studies on transplantation of fetal RPE in ARMD 
without immunosuppression revealed signs of graft rejection [4, 5]. Therefore, RPE 
immune rejection is considered a major concern for the success of allogenic grafting in 
patients with ARMD. 

To obviate the risk of graft rejection, in the present study HLA-matched human adult 
RPE cells from the RPE cell bank of the University Eye Hospital of Hamburg were used 
for transplantation and patients additionally underwent a short-term postoperative im- 
munosuppressive therapy. RPE cells stored In our cell bank have been demonstrated to 
maintain their specific morphologic and functional characteristics in vitro even after cryo- 
preservation [6, 7]. The purpose of the present study was to evaluate the feasibility, safety 
and visual outcome of HLA-typed RPE transplantation in ARMD patients suffering from 
bilateral geographic atrophy of the RPE. 

Material and methods 

Isolation^ cultivation, HLA-typing and cryopreservation of RPE cells 

The cornea bank Hamburg, established in 1985, receives donor eyes from the Institutes 
of Pathology and Forensic Medicine at the University Hospital Hamburg-Eppendorf. The 
consent of organ donation is obtained according to the statutory principles of organ dona- 
tion. Prior to transplantation, the donors were tested for infectious diseases including HIV 
and Hepatitis B and C. Since 1996, RPE cell cultures isolated from donor eyes have been 
stored cryopreserved in a cell bank. 

After enucleation the corneoscleral disc is dissected according to standardized 
methods established for corneal organ culture. The choroidal sheets are carefully prepared 
off the sclera and treated with collagenase (Sigma, Germany) for 16 hours to loosen RPE 
cells. Isolated cells are seeded onto 24 well-plates with RPE growth medium F99 rpe and 
cultured until confluency according to previously described methods [6]. The residual 
choroidal sheets are incubated in medium F99 + 1% ECS for four days to produce con- 
ditioned medium, an important supplement of the RPE growth medium [7]. At conflu- 
ence, the cells are trypsinized and the cultures are partitioned: One part is cryopreserved 
in 1 ml ECS containing 7% DMSO (Sigma, Germany) and stored in liquid nitrogen until 
further use. The other part is subcultured for HLA-typing according to Ehrlich et al. [8] 
and for assessment of functional properties of the cells. Cells of every primary culture 
were loaded with autoclaved india ink at a concentration of 1 |xl india ink/ml medium for 
three days to determine non-specific phagocytic activity. 

Morphological appearance of the cultured cells was evaluated by phase contrast 
microscopy and documented by photography. Cell cultures contaminated with coisolated 
choroidal cells like melanocytes are not used for transplantation studies. Contaminating cells 
can easily be distinguished from RPE cells by their different morphological appearance. They 
are only sparsely seen and usually do not survive in medium F99 rpe. 



Recultivation of cryopreserved cell cultures for transplantation 

A cell culture that matches the HLA-type of a patient (correspondence on at least four 
MHC gene loci) was thawed and cultured as described above (choroid-conditioned 
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medium as supplement is omitted). Cells were cultured until confluence. Sterility of 
the culture and morphology were monitored. Prior to transplantation the cells were 
trypsinized, centrifuged, and the pellet was resuspended in basal medium F99 (Table 2). 
Membrane integrity and cell number were determined by trypan blue dye exclusion test. 



Patient recruitment / waiting list 

Patients with bilateral ARMD with geographic atrophy and / or advanced drusen and visual 
deterioration were included. 

Inclusion criteria were 1. bilateral geographic atrophy, 2. age 45 to 80 years, 3. no 
signs of occult or classic CNV, 4. absence of ocular diseases leading to further visual dete- 
rioration (glaucoma etc.), 5. absence of systemic disease possibly leading to visual dete- 
rioration (diabetes mellitus etc.), 6. informed consent. 

Preoperatively, patients had a complete ophthalmological examination including 
visual acuity, intraocular pressure, slit-lamp biomicroscopy, fundus evaluation by binoc- 
ular indirect ophthalmoscopy, and fundus photography. Additionally, fluorescein angiog- 
raphy, visual field testing, electroretinography (ERG), electrooculography (EOG), and 
optical coherence tomography (OCT) were performed. Vision testing was performed by 
independent investigators under constant circumstances. 

The study was conducted in accordance with the World Medical Association's Dec- 
laration of Helsinki. The Ethics Committee of the Arztekammer Hamburg, Germany, 
approved the protocol. 



Surgical procedure 

In all patients, except one, the worse eye was selected for transplantation of RPE cells. 
Standard three port vitrectomy was performed followed by a posterior vitreous detach- 
ment. Using a barbed microsurgical blade (Alcon Inc. Eortworth DX, USA) a small retino- 
tomy was performed temporal or supratemporal of the macula. A 33 gauge subretinal 
spatula was introduced through the retinotomy. Then, the retina in the macular area was 
detached using balanced salt solution and the subretinal fluid was removed. Subsequently, 
the RPE cells were injected into the subretinal space slowly and under continuous visu- 
alization using an oil-hydraulic microinjection-pump [9] . Thereafter, a mild cryopexy was 
applied to the site of retinotomy and a fluid-gas exchange was performed. After suturing 
the sclera and the conjunctiva, a subconjunctival injection of gentamicin (5 mg) and dex- 
amethasone (2 mg) was given. Postoperatively, the patients had to keep supine position 
for one hour to allow the injected cells to settle. Then, they had to stay in prone position 
for one week. All patients had routine postoperative care consisting of topical gentam- 
icin q.i.d., topical prednisolone acetate q.i.d. and 1 % topical cyclopentolate b.i.d. for two 
weeks. Additionally, as an oral steroid anti-inflammatory agent, methyl prednisolone was 
given with an initial dose of 1-2 mg/kg body weight on first day and gradually reduced 
over the following 6 days. Immunosuppressive therapy using cyclosporine A (3 mg/kg body 
weight) was started one day prior to transplantation surgery and was performed for six 
months. The serum level was adjusted to 80 to 120ng per ml (monoclonal antibody test). 

Postoperatively, the patients were examined daily during their hospital stay by indi- 
rect ophthalmoscopy. After discharge, follow-up examinations were performed at one, 
three, and six months. Examination included evaluation of visual acuity, applanation 
tonometry to measure intraocular pressure, slit-lamp microscopy, fundus evaluation using 
both indirect opthalmoscopy and three mirror funduscopy, fluorescein angiography and 
optical coherence tomography. Additionally, EOG, ERG and visual field testing were per- 
formed. All clinical testing was done by independent examiners. 
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Table 1. HLA-typing of donor and recipient: match on 1 (+) or 2 (+/+) alleles; mismatch on 1 (-) 
or 2 (-/-) alleles; 1 match / 1 mismatch on 2 alleles (+/-); empty field: recipient and/ or donor do 

not express the HLA gene locus 



HLA-Locus 


A 


B Cw 


DRB1 


DRB3 


DRB4 


DRB5 


DQA1 


DQBl 


DPB1 


Patient 1 


+ 


+ 


+/+ 




+ 


+ 


+/+ 


+/+ 


+/- 


Patient 2 


+ 


+/- 


+ 






+ 


+ 


+ 


+ 


Patient 3 


+ 


+/- 


+ 






+ 


+ 


- 


+ 


Patient 4 






+/+ 






+ 




+/+ 


+ 


Patient 5 


+ 


+/- 


+/+ 


+ 




+ 


+/+ 


+/- 




Patient 6 


-/- 




+ 








+ 


+ 


+ 


Patient 7 




+/+ 


+/- 


+/- 






+/+ 


+/- 


+/- 


Patient 8 


+/- 


+!- 


+/- 


- 




+ 


+/+ 


+/- 


+/- 


Patient 9 


+ 


- 


+/- 




+ 




— 


+/+ 


— 



Table 2. Characteristics of the transplanted RPE cells 



Patient 


Cell Number 


Volume 

(nD 


Morphology of the cells 
prior to transplantation 


Cell membrane 
integrity (%) 


1 


1 80.000 


150 


Elongated/epithelioid 
Few pigment granulae 


99.5 


2 


123.000 


150 


Elongated/epithelioid 
Few pigment granulae 


81.7 


3 


123.000 


150 


Elongated/epithelioid 
Few pigment granulae 


81.7 


4 


123.250 


100 


Elongated/epithelioid 
Few pigment granulae 


96.1 


5 


321.500 


100 


Elongated/epithelioid 
Few pigment granulae 


93.0 


6 


39.500 


100 


Elongated/epithelioid 
Few pigment granulae 


not determined 


7 


240.000 


150 


Elongated/epithelioid 
Few pigment granulae 


88.0 


8 


149.250 


90 


Elongated/epithelioid 
Few pigment granulae 


93.1 


9 


76.500 


100 


Epithelioid97.4 
Few pigment granulae 





Results 

RPE grafts 

For RPE transplantation, HLA-matching donor cells were chosen from our RPE cell bank 
(Table 1). The average age of the donors used in this study was 56.6 ± 20.1 years, the 
average post mortem time before isolation of the cells was 40.9 ± 25.5 hours. 

The determination of non-specific phagocytic activity in primary RPE cell cultures 
showed that only epithelioid cells take up carbon particles in high amounts whereas 
fibroblastoid cells display a drastically reduced uptake of carbon particles. Provided cell 
cultures partially retained their original pigmentation during expanding and displayed an 
epithelioid to fusiform morphology (Table 2). 
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Table 3. Patients' visual outcome 



Patient 


VA operated eye 


Subjective 

assessment 


VA fellow eye 


Duration of 
visual 

deterioration 


Progression 


Preop 


6 months 
postop 


Preop 


6 months 
postop 


1 


OS 




-h 






18 months 


fast 




20/200 


20/200 




20/1 00 


20/125 1 






2 


OD 




= 






6 months 


slow 




20/40 


20/40 




20/32 


20/50 i 






3 


OS 




+ 






3 months 


fast 




20/400 


20/125 T 




20/20 


20/20 






4 


OS 




= 






6 months 


slow 




20/400 


20/400 




20/200 


20/200 






5 


OS 




+-h 






6 years 


slow 




20/400 


20/200 t 




20/80 


10/400 i 






6 


OS 










4 years 


slow 




20/200 


20/1 00 t 




20/400 


20/400 






7 


OD 




- 






5 years 


slow 




20/125 


20/400 i 




20/32 


20/32 






8 


OS 










2 years 


slow 




20/32 


20/125 -1 




20/25 


20/32 i 






9 


OD 




= 






2 years 


slow 




20/400 


20/200 t 




20/400 


20/400 







Preoperative findings 

The patients of this series consisted of one male and eight female individuals, aged 47 to 
78 years at the time of operation. All patients had similar clinical conditions in both eyes. 
Therefore, the untreated contralateral eye served as control eye. Preoperatively, the visual 
acuity of the eyes assigned to transplantation was 20/400 to 20/125, one patient had a 
visual acuity of 20/32, another patient 20/40 (Table 3). 



Postoperative findings 

In all patients of this study the postoperative period was uneventful. During the follow- 
up, there were no signs of inflammation or infection in the vitreous or in the anterior 
chamber, and no leakage of fluorescein at the graft site indicating graft rejection. None 
of the patients developed retinal detachment, in none of the patients additional laser 
treatment was performed. In four patients cell clusters were visible on fundus examina- 
tion which are supposed to be the grafted RPE cells. The pigmentation of these cell clus- 
ters did not change over time. We did not observe a disappearance of the grafted cells, 
but a fine granular pigmentation could be observed that may be a sign of continuous 
growth. Postoperative EOG, ERG and visual field testing revealed no significant change 
compared to preoperative findings. In one patient (patient 7) an edema was detected by 
fluorescein angiography and optical coherence tomography at three months which 
increased during the follow-up. 

Six months postoperatively, vision had improved slightly in four of the treated eyes, 
remained stable in three eyes and decreased in two eyes (Table 3). In contrast, vision did 
not improve in five of the non-treated eyes and declined in four of these eyes. 
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Case reports 

Patient 5 

Preoperative characteristics of this 78-years-oId man were geographic atrophy in both eyes, 
a visual acuity of 20/80 in the right eye and 20/400 in the left eye. Fluorescein angiogra- 
phy revealed geographic atrophy of the RPE with a partial loss of choriocapillaris. 

RPE cells from a 44-years-old donor which had been cryopreserved for 790 days 
matched the HLA-type of the patient (Table 1). The assessment of the membrane integrity 
of the recultured cells by the trypan blue exclusion test revealed a vitality rate of 93%. 
Approximately 321.500 cells in lOOjil of cell suspension were injected into the sub- 
macular space of the left eye. 

Three months after transplantation, a fine granulary hyperpigmentation was visible on 
fundus photography and on fluorescein photography which is supposed to represent the 
graft. At six months, the granular pigmentation in the macular area was increased. There 
was no leakage of dye from the graft area at any time and no sign of edema or new vessel 
formation in the host retina. The fundus picture remained unchanged on subsequent visits. 
ERG and visual evoked potential remained unchanged in both eyes during the follow-up 
period. 

The visual acuity of the left eye improved from 20/400 to 20/200 whereas in the fellow 
eye the visual acuity deteriorated from 20/80 to 10/400 (Table 3). 



Patient 7 

A 68-years-old woman presented with geographic atrophy in both eyes. Her preopera- 
tive visual acuity in the right eye was 20/125, in the left eye 20/32. Fundus examination 
revealed focal areas of hypopigmentation, choriocapillaris loss and mineralisation. Drusen 
could be observed in the whole macular area. 

RPE cells from a 63-years-old donor which had been cryopreserved for 291 days 
matched the HLA-type of the patient (Table 1). The assessment of the membrane integrity 
of the recultured cells by the trypan blue exclusion test revealed a vitality rate of 88%. 
Pars plana vitrectomy and subretinal transplantation of RPE cells was performed under 
local anaesthesia. 240.000 cells in 150|il of cell suspension were injected into the sub- 
retinal space of the right eye. 

After four weeks, slit-lamp microscopy showed hyperpigmented cell clusters within 
the atrophic area of the macula. On fluorescein angiography, there was no evidence of 
new vessel formation in the host retina and no leakage of the dye from the graft area. 
Visual acuity was unchanged. 

Three months after transplantation, the visual acuity deteriorated slowly and a mild 
edema was visible in the macular area. At six months, fluorescein angiography revealed 
a hyperfluorescence in the macular area indicating an occult choroidal neovascularisa- 
tion. The OCT confirmed an edema in the macular area. Visual acuity deteriorated to 
20/400. 



Discussion 

This is the first study on transplantation of HLA-typed adult human RPE cells in ARMD 
patients suffering from geographic atrophy of the RPE. Throughout six months of follow- 
up, during which the patients were under immunosuppression, the procedure proved to 
be safe. None of the patients experienced graft rejection or any clinical signs of inflam- 
mation or infection. No severe side-effects or major intra- or postoperative complications. 
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especially retinal tear formation, retinal detachment or proliferative vitreoretinopathy 
(PVR) which could be a result of the transplantation technique was noted. The fluores- 
cein dye leakage in one of our patients seems to be due to a developing CNV. The origin 
of this remains unclear, but it can not be excluded that it was induced by a surgical injury 
of Bruch's membrane during the injection of RPE cells. However, CNV development is 
not uncommon in eyes with geographic atrophy [10, 11]. 

With regard to the visual outcome, RPE transplantation showed a limited success in 
4 of 9 patients. In these patients visual acuity of the treated eyes slightly increased whereas 
the visual acuity of the fellow eyes remained stable or declined. Although we can not 
predict the long-term outcome, the preliminary results of this study are encouraging with 
regard to the aim of RPE transplantation to arrest or delay the progression of the retinal 
damage caused by RPE atrophy. We suppose that the precautions taken in this study to 
prevent graft rejection, the quality of cultured RPE cells and the surgical technique of their 
application in the subretinal space favour the outcome of RPE grafting. 

Precautions taken to minimize the risk of immune rejection were the selection of 
ARMD patients with geographic atrophy, the use of HLA-matched RPE cells and a post- 
operative systemic immunosuppression. This is important because recent clinical trials 
and experimental studies in animal models have shown that the immune privilege of the 
subretinal space is not absolute and static [4, 5, 12, 13]. Algvere et al. [4] reported after 
transplanting a monolayer patch of human fetal RPE in five patients who underwent 
removal of subretinal fibrovascular membranes, the development of macular edema and 
fluorescein leakage concomitant with gradual reduction of visual acuity over 1 to 6 
months. This may imply host-graft rejection which was supposed to be due to a break- 
down of the blood-retina barrier after excision of a subfoveal neovascularization. In con- 
trast, in patients with geographic atrophy, only one of four patch transplants was slowly 
rejected after 12 months. Human fetal RPE cell suspension transplants in four patients 
with non-exudative ARMD showed no evidence of rejection after a follow-up of 12 
months [5]. The authors concluded that the intact blood-retina barrier in patients with 
non-exudative ARMD favours the successful outcome of transplantation. Our study in 9 
patients with geographic atrophy supports this observation, but, nevertheless, we consider 
tissue typing and postoperative immunosuppression as necessary for transplantation of 
human adult RPE cells, because recent experiments in different animal models have 
shown that systemic immunity appears to exert a slow but significant influence in the 
subretinal space. Zhang and Bok [13] observed that subretinal RPE allografts in RCS rats 
underwent chronic rejection as evidenced by an increased loss of photoreceptors in 
immunologically challenged RCS rats. Grafts with disparity at major histocompatibility 
(MHC) class 1 and class 11 loci exhibited greater photoreceptor cell atrophy after donor 
spleen cell challenge than did grafts with disparity at MHC class 11 alone, although this 
effect was not as evident at longer transplant survival times. In contrast to the mouse 
studies of Jiang and coworkers [12], Zhang and Bok [13] did not observe a lymphocytic 
infiltration of the allogenic RPE grafts and suggested that this difference may be due to 
the fact that grafted mouse RPE was mis-matched at both, major and minor histocom- 
patibility loci. They also showed that donor RPE cells which normally do not express MHC 
class II molecules, do so after transplantation into the subretinal space of RCS rats. After 
transplantation of human RPE cells into non-immunosuppressed monkeys, rejection was 
observed in 29% of the animals after 6 months [14]. These data suggest that inflamma- 
tion or trauma induced by surgery could result in inflammatory cell infiltration near the 
graft and release of cytokines which could initiate graft rejection. Due to this risk it seems 
to be advisable, and the preliminary results of our study confirm this, to transplant only 
HLA-matched adult human RPE cells in patients suffering from geographic atrophy of the 
RPE and to give a postoperative immunosuppressive therapy. It remains unclear whether 
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one of these factors or their combination contribute to the successful avoidance of 
immune rejection. 

In this study, dispersed RPE cells were used for transplantation. The transplantation of 
RPE sheets requires a relatively large retinotomy and is therefore associated with an 
increased risk of RPE cell escape from the subretinal space into the vitreous and induc- 
tion of proliferative vitreoretinopathy (PVR). In contrast to RPE sheets, cell suspensions 
can easily be injected into the subretinal space using an oil-hydraulic microinjection 
pump [9]. To support the settlement of the injected cells, we recommended the patients 
to stay in supine position for one hour after RPE transplantation. Subsequently, they had 
to stay in prone position for six days to ensure an effective tamponade of the retinotomy. 

The quality and physiological features of cultured human RPE cells are regarded essen- 
tial for the success of transplantation. In a previous study we have shown that under opti- 
mised cell culture conditions human RPE cell specific characteristics were maintained. 
Even after cryopreservation in a RPE bank, no loss of HLA expression was detectable in 
12 of 14 cell strains studied. Moreover, patch-clamp experiments demonstrated that high- 
threshold L-type Ca^^ channels, which are typical for freshly isolated cells, could be 
detected in first passage and cryopreserved RPE cells [7]. Our results show that the opti- 
misation and quality control of cell culture are important preconditions for successful cell 
transplantation. 

The time of RPE transplantation surgery in patients with geographic atrophy of the RPE 
is an unsolved problem up to now. Our results do not justify to graft patients with good 
visual acuity. However, if visual acuity is to be restored, surgery must be contemplated 
at a stage of the disease when photoreceptor degeneration is not advanced and the 
damage may be still reversible. In the Royal College of Surgeons (RCS) rat, a model of 
inherited retinal dystrophy with functional defects of the RPE layer, it has been demon- 
strated that photoreceptor cells can be rescued when healthy RPE cells are transplanted 
into the subretinal space before an irreversible photoreceptor damage occurs [15-17]. In 
patients with geographic atrophy, it should be also considered a success when the further 
visual loss caused by RPE atrophy is prevented or delayed by RPE grafting before a sub- 
stantial progression of irreversible photoreceptor damage occurs. 

In summary, the preliminary results of this study are encouraging with regard to the 
aim of RPE transplantation to arrest or delay the progression of the damage to the retina 
caused by geographic atrophy of the RPE. Further research is required to determine the 
optimal cell number for transplantation and to develop methods for the identification of 
grafted RPE cells in the host retina. The evaluation of the long-term clinical outcome will 
offer the possibility to discuss the optimal time for RPE transplantation in the course of 
the disease. 
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Introduction 

Because of the higher life expectancy in the industrial world and Increasing demands on 
life quality age related macular degeneration (AMD) has become one of the most impor- 
tant diseases in ophthalmologic research. While about 85% of patients are diagnosed with 
the "dry" atrophic form of AMD, 15% suffer from the "wet" form, which is responsible 
for the highest percentage of visual loss in these patients and mainly characterised by the 
development of choroidal neovascularisation [1]. Treatment modalities usually used f.e. 
laser photocoagulation, photodynamic therapy (PDT), or transpupillary therapy (TTT) are 
vasodestructive methods and have therefore a very limited potential to improve the retinal 
situation [2, 3, 4]. These methods also do not allow any visionary aspect for the treat- 
ment of the large group of patients with dry AMD. 

The best proof of principle that foveal function can be regained on an extrafoveal 
pigment epithelium has been given by Machemer and de Juan with the retinal retinal rota- 
tion [5, 6]. In contrast to this currently with rather high intra- and postoperative compli- 
cations loaded method [7] represents the procedure of retinal transplantation a relatively 
simple procedure, less likely for severe complications. 



Transplantation in human eyes 

The transplantation of RPE seemed to be a logical approach in restoring vision in patients 
with AMD. A full thickness rotation flap was transplanted by Peyman et al. in 1991 [8] 
for retinal pigment epithelial transplantation in two cases with terminal AMD. One flap 
was autologous in the second case also homologous material was used. In one eye 
improvement of vision was reported over several months, but also encapsulation of the 
transplants. 

Along with the improvement of subretinal surgical techniques and instrumentation [9], 
a less traumatic approach for subretinal transplantation of cell suspensions or sheets could 
be used thereafter. 

The disappointing visual results after membrane excision alone reported were 
explained by the mechanical removal of the RPE together with the membrane as well as 
the primary dysfunction of the RPE in these cases [10]. 

To compensate for the deficit 5 patients received a patch of previously cultured human 
fetal RPE placed in the foveal area after membrane excision. After 3 months four of the 
five lost fixation, a macular edema developed and fluorescein leakage was present sug- 
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gesting rejection. After 1 year most of the patients had experienced mild visual loss com- 
pared to their preoperative vision [11]. Then 4 eyes with atrophic "dry" macular degen- 
eration received circular patches 0.6 mm in diameter again by Algvere's group. This time 
the transplants were placed in non foveal areas. After 1 year, it was shown that the trans- 
plants had not disturbed visual function, there was some evidence of growth but no visual 
improvement. A milder rejection was observed in these eyes and this was related to the 
more intact blood-retinal barrier in "dry" AMD eyes [12]. Finally, to cover a larger area 
including the fovea, a cell suspension of concentrated dissociated fetal human RPE has 
been used in 7 subsequent cases of advanced but "dry" AMD. When 50000 cells were 
used, rejection was observed after 8-12 months, with 500000 cells this event occurred 
after 3 months. Eyes which received 20000 and 200 cells respectively did nor show rejec- 
tion at one year, but also no visual improvement [13]. 

Immunological aspects 

Although the eye as a part of the central nervous system possesses the characteristics of 
an immunologically privileged site, it was demonstrated, that RPE-transplants sensitised 
their recipients to both alloantigens and RPE-specific autoantigens. Both can be consid- 
ered potential barriers to successful transplantation and would make immune suppres- 
sion regimens necessary. It was also demonstrated that the immunologic response is most 
likely related to the amount of cells and increases with time [14]. 

Autologous transplantation 

To overcome the immune reaction the search for autologous material became important. 
Iris pigment epithelium cells, either fresh or cultured, have been used by groups in 
Germany and Japan [1 5, 16]. Prevention of further loss of vision but also some improve- 
ment has been reported by Thumann et al. in eyes with different neovascular diseases 
[17]. 

Full thickness RPE-transplants taken from adjacent areas of the CNV showed seques- 
tration after a longer observation period [18], although some remaining functions were 
demonstrated on micro perimetry [19]. Questions of basal lamina reconstruction, possi- 
ble restoration of Bruch's membrane, proliferation of cells, and cell-interaction as well as 
cell amounts necessary were nor answered so far. 



Our approach 

We felt, that the use of autologous RPE would offer a greater chance for restoring more 
normal subretinal conditions and for gaining some visual function in patients with AMD 
[20]. 

A cell suspension of freshly harvested RPE from an area not involved In the disease, 
as the nasal retina is, and which allows also easy access and full control of the surgical 
area was chosen. 

In a pilot study [21] 14 eyes underwent subretinal surgery because of foveal CNV 
with simultaneous transplantation of RPE harvested from the nasal subretinal area of 
the same eye at the same time. Cell vitality was between 80-90% with Trypan blue 
staining. 

The harvesting efficacy, applied in a series of cadaver eyes [22] and systematically 
evaluated showed that a reproducible cell amount between 1 1 000 to 29000 (19976 -f— 
6016) could be harvested from an area between 2-4 disc diameters with our technique. 

Cell viability was high (82.0 -i~ 6.9%). 
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Fig. 1. Confluent monolayer of human RPE on plastic with a low CA++ DMEM medium, 
evaluation of the minimum cell number left: 24 h after plateling, right; confluence, spindle cell 
morphology due to proliferation directed culture medium 



The minimal plateling density required for confluency was also evaluated. For adult 
human RPE using a CA++ adjusted DMEM/f12 amounts between 1400 and 2000 cells 
are needed to establish a confluent monolayer [23] (Fig. 1). 

To answer the question about RPE conditions in the area of the membrane and its sur- 
rounding area, RPE-cultures on excised subretinal membranes were performed. In culture 
medium (DMEM-h 20% autologous Serum) the exised membranes showed growth of RPE 
in mono- and multi layers in 80% of the cases, they remained their epithelial character- 
istics for at least 4 months [24]. 

In an ongoing prospective clinical trial 48 eyes with NV AMD underwent surgery so 
far [25]. PDT was offered as an alternative treatment option for predominately classic 
fCNV. Briefly, patients with mainly very large predominately occult fCNV were candi- 
dates for surgery. Eyes were transplantation of RPE was not possible serves as controls. 
Cell viability was controlled with the Live-Death cell Viability Kit and showed between 
70-80% viability (Fig. 2). 

Visual outcome after 12 months follow - up showed in the transplantation group 
(n = 41) improvement two or more lines in 53% [22], remained the same -E- one line 
in 34% [14] and showed visual loss of two or more lines in 12% [5] (Fig. 3). 

In the control group (n = 7) were only membrane excision was performed 43% [3] 
had the same visual acuity before and after surgery 2 (28.5%) improved, 2 lost vision 
(Fig. 4). 

While statistical significant improvement was demonstrable in the transplanted cases, 
no significance was observed in the controls. Complications observed were not higher 
than after vitrectomy with subretinal surgery alone, a retinal detachment occurred in 4 
eyes (8.3%), and was treatable with a second vitrectomy in all eyes. Complications influ- 
encing the final visual outcome were observed in two eyes (4%), one developed a 
choroidal haemorrhage 48 hours after surgery and underwent a second vitrectomy with 
silicone tamponade and one developed a macular hole 3 months after surgery which was 
documented with OCT. 

With fluorescein - and indocyanine green angiography we could show that the 
number of recurrent CNV with 3,2% (2/62) was extremely low in our two case series 
14 -E48. 

While most of the patients had no reading vision preoperatively Oaeger 17) and most 
of them gained some improvement postoperatively (Jaeger 12-15) only 5 cases (8,6%) 
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Fig. 2. RPE from Biopsie a 70-80% RPE viability was present in the transplanted suspension (Live- 
Dead Cell Viability Kit, red = dead cells, green = viable cells) 




Fig. 3. Pre- and postoperative (12 months) fluorescein angiogramm of a patient with membrane 
removal alone (Control). VA 1/60 pre and postoperative! y, the area of PE-atrophy has increased 

considerably 



of the whole transplantation group gained useful reading vision between Jaeger I and 
IV. 



Discussion and conclusions 

In 85% of all AMD patients they suffer of the "dry" form of this disease [1]. Active ther- 
apies against this disease concentrated so far on the "wet" neovascular form [2, 3, 4]. 
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Fig. 4. Pre- and postoperative (12 months) photograph and late phase angiogramm (Insert) of a 
patient after membrane excision and RPE-transplantation. VA preop: 0.22 Jg 14, postop 1 .22 Jg 1 



The disadvantage of vasodestructive therapies however is that incidences of recurrences 
between 30-50% are reported [26]. In addition the moderate loss of vision after treat- 
ment is compared to severe visual loss in the natural course of the disease [3, 4]. Its seems 
better, that visual improvement is taken as the mayor criteria for successful treatment. 

Treatments which try to achieve a more physiologic restitution of the retinal - sub- 
retinal foveal are retinal rotation and retinal transplantation. Along with reduction of com- 
plications and successfully used in "wet" exudative AMD both treatments can be potential 
treatment options also for "dry" AMD in the near future. 

Our preliminary results indicate, that moderate visual improvement is possible with 
the help of autologous transplantation in more than half of the cases. These results are 
better when compared with the literature and our own control group with subretinal 
membraqne excision alone [27]. However, useful reading acuity - defined as reading 
acuity of a newspaper with normal reading glasses - was only observed In a small group 
of patients. The membrane size of this group was in general smaller (3000-4000 |Lim) than 
the overall medium size (6000 jxm). 

Although the comparison with the control group looks favourable so far, this number 
is too small to draw a final conclusion from this. 

The low recurrence rate is also an interesting observation, because usually the first 
success after all other treatment modalities are lost again if a recurrent membrane grows. 
The effect of RPE on the inhibition of neovascularisation has been shown experimentally 
[28, 29]. 

The advantage of autologous RPE-transplantation, which are superior in the degrada- 
tion of photoreceptor outer segment to IPE [30] freshly harvested cells is also faced with 
some disadvantages. First, the number of cells which can be transplanted is limited and 
aged cells are transplanted on a - at least partially - defect Bruch's membrane. Cell adhe- 
sion and survival are questions, we have to answer experimentally because of the lack 
of harmless markers in human eyes. However, in an experimental study Phillips and 
co-workers [31] could clearly demonstrate that RPE transplanted on debrided Bruch's 
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membrane do in fact maintain photoreceptor and choriocapillaris structures when com- 
pared to abrasive areas alone and Tsukasha and co-workers have shown that uncultered 
RPE can attach to aged Bruch's membrane explants to a certain degree. 

Summary 

Although some favourable results have been observed in our experimental and clinical 
work and some questions answered, other questions and problems have to be addressed. 

Better selection of cases with smaller defects can be one solution. The most chal- 
lenging projects are probably the further improvement of transplantation techniques and 
the condition of the RPE cells to stimulate their growth and proliferation without chang- 
ing their phenotype and the creation of an uniform layer of autologous RPE to improve 
the restoration of the Bruch's membrane defect. 
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Abstract 

Background: Age-related macular degeneration (AMD) is the leading cause of legal blind- 
ness in people 50 years of age or older in the developed world. The treatment of AMD 
is still controversial and the search for a standard therapy for all forms of choroidal neo- 
vascularization (CNV) is on-going. Few randomized clinical trials are available regarding 
the surgical treatment of AMD. We performed a systematic review to determine the effec- 
tiveness of subretinal surgery for AMD and to summarize the reported results. 

Methods: A MEDLINE search for the years 1992-2001 was conducted. Only original 
English- or German-language studies evaluating surgical interventions in AMD were 
assigned to one of four groups of surgical treatments. The main outcomes were improve- 
ment or deterioration of visual acuity (VA) after surgery. 

Results: Sixty one studies met the inclusion criteria. The surgical procedures performed 
were removal of subfoveal choroidal neovascularization (CNV) (43%), macular translo- 
cation (25%), transplantation of pigment epithelium (10%) and removal of subretinal 
hemorrhage (23%). Thirty eight percent (range 0-87%) of all cases showed an improve- 
ment of VA and 26% (range 0-90%) a deterioration. 

Conclusion: Compared to the natural course of AMD, subretinal surgery appears to be a 
promising method for the treatment of AMD. More randomized clinical studies are needed 
to draw unbiased conclusions and to allow for standard recommendations. 



Introduction 

Age-related macular degeneration (AMD) is the leading cause of legal blindness in people 
50 years of age or older in the developed world [1]. The neovascular form of AMD occurs 
in approximately 20% of AMD patients, but is responsible for 90% of cases of severe irre- 
versible central vision loss in patients with AMD [2, 3]. 

The treatment of AMD is still controversial and the search for a standard therapy for 
all forms of choroidal neovascularization (CNV) is on-going. Laser photocoagulation and 
photodynamic therapy (PDT) represent two therapeutic options for the management of 
neovascular AMD that have been proven effective in large-scale randomized clinical 
trials. Few randomized studies are available regarding the surgical treatment of AMD, 
including removal of subfoveal CNV, macular translocation, transplantation of pigment 
epithelium and removal of subretinal hemorrhage. The results of the randomized Sub- 
macular Surgery Trials (SST) have not yet been published [4]. 
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We performed a systematic review to determine the effectiveness of subretinal surgery 
for AMD. The purpose of this assessment was to answer whether subretinal surgery is able 
to stabilize or reverse visual loss from AMD and which surgical intervention is most effec- 
tive. Additionally, the results of the systematic review were compared to the natural course 
of AMD. 



Material and methods 

A literature search that was conducted in December 2001 consisted of a text word search 
in MEDLINE for the years 1992-2001. The year 1992 was chosen because Thomas et al. 
introduced the removal of subretinal membranes in patients with AMD in that year [5]. 
The terms AMD, (sub)macular, -retinal, -foveal, surgery, choroidal neovascularization, 
membrane removal, translocation, retinal or iris pigment epithelium, transplantation, 
hemorrhage and key word combinations were used. Eligibility criteria confined the analy- 
sis to original English- or German-language studies including surgical treatment and the 
diagnoses of AMD, a detailed visual outcome, including at least five cases and with a 
minimum follow-up of at least one week. Case reports, book articles, abstracts, non- 
clinical studies as well as "repeated" publications of the same case series were excluded. 
The references lists of those articles were consulted for additional citations. 

A computer database was created as a fill-in-form to record all values. Two of the 
studies included were randomized clinical trials [4, 6], 9 prospective cohort studies [7-1 5] 
and 15 retrospective cohort studies [16-30]. Fifteen reports reviewed the results of large 
case series (n > 31), 21 studies reported medium case series (11 < n < 30) and 25 studies 
small case series (n < 10). 

The variables year of publication, preoperative and final number of cases, total 
numbers and percentages with preoperative and final visual acuity (VA) of 20/200 or 
better, improvement and deterioration of VA, recurrence and complication rates as well 
as the minimum and maximum follow-up time (months) were extracted from each study. 
In addition, the studies included were assigned to one of four groups of surgical treat- 
ment. For each therapy group a descriptive statistical analysis was performed. To evalu- 
ate the functional outcome more precisely, an odds ratio (OR) was calculated for each 
included study. The OR compared the number of cases with a preoperative VA of 20/200 
or better to the number of cases with a final VA of 20/200 or better. An OR < 1 means 
that more cases achieved a VA of 20/200 or better after the operation and an OR > 1 
means that more cases had a VA of 20/200 or better before the surgical intervention. In 
47 studies an improvement or deterioration of VA was defined as a change of 2 or more 
Snellen lines and in 2 studies as a change of 1 or more lines. The other studies did not 
contain any data referring to this. 



Results 

Sixty-one studies met the inclusion criteria and a total of 1273 cases was analyzed. The 
surgical procedures performed were removal of subfoveal CNV in 43% (26 studies), 
macular translocation in 25% (15 studies), pigment epithelium transplantation in 10% (6 
studies) and removal of subretinal hemorrhage in 23% (14 studies). The median number 
of cases was 13 (range 5-102 cases), the median of the minimum follow-up time was 3 
months (range 0,25-24 months) and the median of the maximum follow-up time was 18 
months (range 2-73 months). Complications occurred in 55% of the cases (range 0-1 00%, 
missing in 7 studies). Thirty eight percent (range 0-87%) of all cases showed an improve- 
ment of VA after surgery and 26% (range 0-90%) a deterioration. A preoperative VA of 
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Frequency 

rop 




improved 

Stable 

worsened 



12 3 4 



Therapy 



Fig. 1. Frequency of improved, stabilized and worsened cases for the 4 treatment groups 
(1 = removal of subretinal CNV, 2 = macular translocation, 3 = transplantation, 4 = removal of 

subretinal hemorrhage) 



20/200 or better was seen in 37% (range 0-90%, missing in 3 studies), whereas a final 
VA of 20/200 or better was found in 42% (range 0-88%, missing in 3 studies). 

The frequencies of improvement and deterioration of VA for the different treatment 
groups are shown in Fig. 1. A total of 647 cases after removal of subfoveal CNV [4-8, 
16-23, 31-43] was analyzed. A preoperative VA of 20/200 or better was found with an 
overall crude rate of 29% (range of the individual study rates: 0-71%) and a final VA of 
20/200 or better in 33% (range 0-80%) of these cases. Complications occurred in 48% 
(range 12-100%) and a recurrence of CNV was described in 25% (range 0-55%). At the 
last follow-up visit VA increased in 31% (range 0-80%) and decreased in 26% (range 
0-60%) of a total of 625 cases (Table 1). 

Three hundred thirty two cases after macular translocation [9-13, 24-27, 44-49] 
were included. A VA of 20/200 or better was described in 72% (range 30-90%) before 
the operation and in 60% (range 5-88%) after the operation. Complications were seen 
in 80% (range 50-100%) and a recurrence of CNV in 15% (0-43%). At the final 




88 



C.l. Falkner et al.: Retrospective analysis of subretinal surgery 



Table 1 



Center n Follow up VA t VA i Recurrence OR 



Abe T 2001 
Berger AS 1 992 
Bottoni F 1996 
Brindeau C 2001 
Corey RP 2001 
Eckardt C 1 996 
Ehrt O 1999 
Gandorfer A 1 998 
Hudson HL 1995 
Lewis H 1997 
Lowenstein A 1998 
Merrill PT 1999 
Mietz H 1997 
Muller S 2000 
Nasir MA 1997 
Ormerod LD 1994 
Park KH 1999 
Roth DB 1 997 
Scheider A 1 999 
SST-Pilot 2000 
Strmen P 1996 
Thach AB 1 996 
Thomas MA 1 992 
Thomas MA 1 994 
Tsujikawa M 1 999 
Yuzawa M 2001 
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Removal of subretinal CNV (n = number of cases; follow up = minimum and maximum follow 
up, months; VA t = improvement of visual acuity; VA i = deterioration of visual acuity; OR = 
odds ratio) 



examination 26% (range 0-73%) of 261 cases showed an improved VA and 38% 
(range 0-90%) a worsened VA (Table 2). 

In 63 cases transplantation of pigment epithelium [14, 50-54] was performed. A VA 
of 20/200 or better was seen in 45% (range 0-80%) before and 45% (range 20-67%) after 
the surgical procedure. The complication rate was 59% (range 29-100%) and the recur- 
rence rate was 4% (range 0-8%). An improvement of VA was seen in 1 6% (range 0-86%) 
and a deterioration in 29% (range 0-75%) out of 63 cases (Table 3). 

The results of removal of subretinal hemorrhage [8, 15, 28-30, 55-63] were evalu- 
ated in 231 cases. Fourteen percent (range 0-38%) had a preoperative VA of 20/200 or 
better, whereas 41 % (range 1 1-79%) achieved this VA at the last follow-up examination. 
Complications were described in 42% (range 0-1 00%) and a recurrence of CNV occurred 
in 10% (range 0-25%). At the last follow-up visit VA increased in 63% (range 21-87%) 
and decreased in 1 1% (range 0-38%) of 220 cases (Table 4). 

Additionally, the meta-analysis was compared to the natural course of AMD [64] and 
the results are shown in Table 5. 



Discussion 

This systematic review evaluated 61 studies comprising a total of 1273 cases, and the 
results allow to draw the following conclusions: In therapy group 4, the removal of 




Table 2 



Center 


n 


Follow up 


vaT 


VA 4 - 


Recurrence 


OR 


Akduman L 1999 


20 


2-12 


5% 


90% 




35,3 s 


Benner JD 2001 


5 


13-16 


20% 


20% 




2,7 


Buffenn AN 2001 


11 


0,33-21 


73% 


18% 




1,0 


Deramo VA 2001 


9 


2,75-1 7,5 


22% 


56% 


33% 


0,6 


Eckardt C 1 999 


30 


3-18 


13% 


7% 


10% 


1,3 


Freedman SF 2000 


15 


1,5 


0% 


53% 






Glacet-Bernard A 2001 


23 


6-14 


30% 


52% 


43% 


1,0 


Kim T 2001 


8 


1-17 


13% 


0% 




1,0 


Lewis H 1999 


10 


6 


40% 


60% 


0% 


2,3 


Lewis H 2001 


25 


6 


44% 


40% 


0% 


1,2 


Ohji M 1998 


7 


4-48 


14% 


57% 




8,0 


Ohji M 2001 


51 
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18% 


35% 


21% 


2,2 


Pieramici DJ 2000 


102 


6 


48% 


19% 




1,3 


Wolf S 1 999 


7 


6-16 


29% 


43% 


0% 


1,0 


Wong D 2000 


9 


2,5-6 


22% 


44% 


11% 


6,4 



Macular Translocation (n = number of cases; follow up = minimum and maximum follow up, 
months; VA t = improvement of visual acuity; VA i = deterioration of visual acuity; 

OR = odds ratio) 



Table 3 



Center 


n 


Follow up 


VA T 


VA i 


Recurrence 


OR 


Abe T 2000 


7 


6-13 


86% 


0% 




0,1 


Algvere PV 1994 


5 


3 


0% 


60% 




16,0 


Algvere PV 1 999 


16 


24-38 


0% 


75% 






Lappas A 2000 


12 


6 


0% 


8% 


8% 


1,0 


Stanga PE 2001 


6 


1-10,5 


0% 


17% 


0% 


1,0 


Thumann G 2000 


17 


6-11 


24% 


6% 




0,5 



Transplantation of pigment epithelium (n = number of cases; follow up = minimum and 
maximum follow up, months; VA t = improvement of visual acuity; VA i = deterioration of 
visual acuity; OR = odds ratio) 



Table 4 



Center 


n 


Follow up 


VA T 


VA i 


Recurrence 


OR 


Chaudry NA 1999 


5 


3-24 


80% 


0% 


20% 


0,6 


Claaes C 1996 


15 


5-31 


87% 


7% 


0% 


0,1 


Haupert CL 2001 


11 


1-15 


73% 


18% 


27% 


0,5 


Heiden-kummer F1P 1995 


8 


2-48 


75% 


0% 




0,9 


Hesse L 1 997 


8 


2-21 


50% 


13% 




0,4 


Ibanez HE 1995 


39 


0,25-19,75 


21% 


23% 


5% 


1,0 


Kamel M 1995 


22 


7-31 


82% 


5% 


18% 


0,1 s 


Krasnov MM 1 992 


32 


6-32 


81% 




9% 


0,0 s 


Lambert HM 1 992 


10 


6-10 


70% 


10% 


0% 


1,0 


Lewis H 1 994 


24 


6-30 


83% 


4% 




0,0 s 


Lim Jl 1995 


16 


2-24 


25% 


38% 


6% 


1,4 


Mandelcorn MS 1993 


7 


5-19 


71% 


0% 


14% 


0,1 


Moriarty AP 1 995 


14 


3-18 


86% 


7% 


36% 


0,0 s 


Scheider A 1 999 


20 


1,2-6 


44% 


11% 


25% 


2 



Removal of subretinal hemorrhage (n = number of cases; follow up = minimum and maximum 
follow up, months; VA T = improvement of visual acuity; VA i = deterioration of visual acuity; 
OR = odds ratio) 












90 



C.l. Falkner et al. 



Table 5 



Therapy 




VA T 


VA i 


Recurrence rate 


Natural 


>1 


7,2% 


81,9% 


65% 


course 


>3 


3,6% 


68,6% 




Systematic review 


>2 


37,7 


26,5 


15% 



Comparison of the results of subretinal surgery to the natural 
course of AMD [64], with respect to the increase or decrease of 
visual activity (VA T, VA i) 



subretinal hemorrhage [8, 1 5, 28-30, 55-63], the best visual outcome was achieved. The 
calculated estimates were 63% for improved vision and 10% for vision loss. This is not 
surprising as the preoperative VA was reduced to hand motions and counting fingers in 
most cases [15, 55-57, 60, 62, 63]. 

The rates of visual improvement after removal of subfoveal CNV [4-8, 1 6-23, 31-43] 
and macular translocation [9-13, 24-27, 44-49] were similar, whereas the rate of dete- 
rioration of VA was slightly lower in treatment group 1. The removal of subretinal CNV, 
however, included the largest number of studies (63% of all included studies), analyzed 
the largest case series (almost 43% of all cases) and showed a minimal mean variation. 
Consequently the functional outcome after this surgical procedure seems to be the most 
plausible. 

Only six studies for the years 1994 to 2001 reporting the results of transplantation 
have been published so far [14, 50-54]. The development and research of this technique 
is still at the beginning, so the analyzed functional results are not quite convincing. 

Large variations regarding the increase and decrease of visual outcome were observed 
between studies in all therapy groups. None of the tested variables, such as year of study 
publication, minimum and maximum follow-up time or the number of cases showed any 
significant influence. So the visual outcome seems to be dependent on the operating 
center, the selected patient population and other undetermined factors. 

The included literature reported a significant rate of complications ranging from intra- 
operative complications, progression of cataract to retinal detachment with PVR and 
phthisis. Fifty-four of the 61 included studies reported of any complications [4-9, 11-24, 
26-34, 36, 39, 41-44, 46-63] and only 33 studies contained information on the recur- 
rence of CNV [4-9, 11-14, 16-19, 21, 23, 26, 32-34, 36, 39, 41-43, 46, 48, 49, 53, 56, 
60-62]. The highest rate of complications (80%) was achieved after macular translocation 
[9-13, 24-27, 44-49], whereas the highest recurrence rate of CNV (25%) was described 
after removal of subfoveal membranes [4-8, 16-23, 31-43]. The available data reporting 
complications differed in each study and the overall complication rates ranged between 
0% and 100%. Due to this limited data the occurrence of complications, particularly the 
recurrence of CNV could not be evaluated more precisely. 

Flowever, this systematic review has some bias. Most Included studies contained infor- 
mation from small uncontrolled case series with limited follow-up time. Comparing results 
is difficult due to the variation in follow-up time, cases and preoperative VA. Addition- 
ally, the results are influenced by the evolving surgical techniques and the change in 
outcome measures. 

Only 2 of the included studies were randomized clinical trials [4, 6]. These two rel- 
atively large studies (n = 34, n = 80) comparing removal of subretinal CNV to a control 
group showed considerably lower rates of improvement of VA after surgery (14% and 
8.8%) and also considerably higher percentages of deterioration (50% and 37.5%). 
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Information about the effect of an intervention should be acquired by comparing a 
treated group to an untreated group similar in all important respects. Therefore a stan- 
dardized study design is necessary comprising details about the patient population, the 
minimum number of cases and of follow-up intervals and the use of standardized VA 
measurements. The length of follow-up time is important to asses the recurrence of CNV 
in particular. 

Compared to the natural course of AMD [64], subretinal surgery shows quite impress- 
ing functional results and proves to have a beneficial effect on the visual outcome of 
AMD. In conclusion, subretinal surgery evaluated in a total of 1273 cases showed a mean 
improvement of VA in 38% and a mean deterioration of VA in 26%, whereas a mean 
complication rate was observed in 55%. Current management options for patients with 
AMD include laser photocoagulation, photodynamic therapy and surgical treatment. Sub- 
retinal surgery seems to represent an innovative and promising method for the treatment 
of exsudative AMD. More randomized clinical trials are needed to draw unbiased con- 
clusions, to estimate the relative risks and benefits of subretinal surgery compared to other 
treatment options and to allow for standard recommendations. 
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Abstract 

Purpose: We have recently described combined subretinal surgery and simultaneous 
autologous transplantation of RPE as a therapeutic option for the treatment of CNV in 
patients with advanced AMD. The purpose of the present study was to determine whether 
the size and morphology of the membranes were correlated with patient outcome. 

Methods: We examined 1 9 AMD patients, which underwent combined subretinal surgery 
and autologous transplantation of RPE. All patients had improved or stabilized visual 
acuity in follow-up after surgery. The membranes were prepared for conventional histol- 
ogy and evaluated for their morphological composition on serial sections applying a semi- 
quantitative score of 0, 1 -f, 2+ and 3+ to the following parameters: amount of acellular 
matrix, neovascularization/microvascular density (MVD), cellularity with special refer- 
ence to inflammatory cells, and presence of RPE. These data including membrane size as 
determined preoperatively by fluorescein angiography (ELA) were correlated with post- 
operative visual acuity. 

Results: By preoperative FLA all lesions were classified as clinically predominantly occult. 
Regarding postoperative outcome we divided all patients in two groups. Group I with 
visual Improvement of 2 and more lines comprised 7 patients, and group II with 
unchanged/stabilized visual acuity of +/-1 line the remaining 12 patients. Mean mem- 
brane size was 6,19 +/- 1,33 mm in the group of patients with, and 6,41 +/- 1,87 in the 
group without visual improvement, respectively. Recurrences did not occur. 

Histology: All 19 membranes contained a significant amount of acellular matrix (scores 
2+/3+); a prominent neovascularization/high MVD was present in 13/19 specimens and 
was usually associated with a high degree of cellularity, i.e. a moderate or marked Inflam- 
matory component predominated by lymphocytes (14/19). 6/19 membranes presented as 
minimally vascularized and acellular scars. In 15/19 cases a significant amount of RPE 
cells was present in the excised membranes; this prevalence was especially high in the 
group II. 

Outcome: When compared to the development of visual acuity after therapy, neither FLA 
findings, nor histopathologic features of the membranes were predictive. 

Conclusion: In a pilot study of 19 patients with advanced AMD/CNV treated with com- 
bined subretinal surgery and autologous RPE transplantation features other than mem- 
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brane morphology and membrane size seem to determine patient outcome. The tendency 
for a higher amount of RPE cells in the group with no improvement should be further 
Investigated. 



Introduction 

In industrialized countries, age related macular degeneration is one of the major causes 
of blindness in elderly patients [1]. Current therapies are laser treatment including coag- 
ulation and photodynamic therapy, but also surgical removal of the neovascular choroidal 
membrane has been an option [2-4]. We have recently developed a new treatment modal- 
ity combining membrane surgery with autologous RPE-transplantation [5]. The advantages 
of this approach are minor traumatic effect compared with rotation technique and the 
simultanity of surgery and transplantation. 57% of treated patients improved their visual 
acuity for 2 and more lines [5]. The question of this study was, whether size and mor- 
phological composition of membranes could influence functional results of therapy. 

Material and methods 

19 patients with advanced AMD who underwent combined CNV membrane excision and 
autologous transplantation of RPE and had improved or stabilized visual acuity in follow- 
up were included in the study. Membrane size was determined preoperatively by fluo- 
rescein angiography (FLA). The surgical membrane specimens were routinely processed 
for light microscopy and stained with hematoxylin-eosin (HE) and periodic-acid schiff 
(PAS). The membranes were evaluated for their morphological composition on serial sec- 
tions applying a semiquantitative score of 0, 1+, 2-f, and 3+ to the following parameters: 
amount of acellular matrix, neovascularization/microvascular density (MVD), cellularity 
with special reference to inflammatory cells, and the presence of RPE. In addition, the 
amount of acellular matrix was determined by means of an image analysis system 
(LUCIA). The morphologic parameters and membrane size were then correlated with the 
postoperative changes of visual acuity for distance. Visual acuity was measured before 
treatment, 1 month and 3 months postoperatively, and every 3 months thereafter using 
ETDRS charts and transfer of the respective values to logarithms of minimal angle of 
resolution (logMAR). 

Details of the surgical method were described earlier [5]. Briefly, the patients under- 
went pars plana vitrectomy with removal of the posterior hyaloid. The first retinotomy was 
performed temporally or nasally superior to the membrane. After mobilisation and gentle 
hydrodissection with Ringer's solution, the subfoveal membrane was slowly removed with 
a subretinal forceps. A second retinotomy was then created nasal to the optic disk with 
a subretinal pick and a shallow retinal detachment was achieved by subretinal injection 
with Ringer's solution. Consecutively, RPE's were gently mobilized over an area of 2 to 4 
disc diameters, aspirated, and slowly transplanted by means of the first retinotomy into 
the subretinal space. Surgery was completed with an air or gas tamponade. 

Results 

Clinical findings: 11 patients were female, 8 male. Mean age of patients was 76 years 
(range, 64 to 87 years). The follow-up of patients was 1 8-36 months. By preoperative FLA 
all lesions were classified as predominantly occult. Regarding postoperative outcome all 
patients were divided in two groups; 7 patients showed a visual improvement of 2 and 
more lines (group I), the remaining 12 patients (group II) presented unchanged visual 
acuity of +/-1 line. Mean membrane size was 6,19 +/- 1,33 mm in the group of patients 
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Fig.1. Patient 10: choroidal neovascular membrane, classified as neovascularization 2+, matrix 3+, 
cellularity 2+, RPE 3+ (a PAS; b binary image captured by image analysis - white area corresponds 
to the amount of matrix and conducted 80,39%) 



with improved, and 6,41 +/- 1,87 in the group with stabilized visual acuity, respectively. 
A significant progression of visual impairment and recurrences did not occur. 

Histology: All 19 membranes were rich in matrix (scores 2+/3+); 13/19 membranes 
exhibited a prominent vascularity usually associated with a high degree of cellularity, i.e. 
a moderate or marked inflammatory infiltrate predominated by lymphocytes (14/19). 6/19 
membranes corresponded to minimally vascularized and acellular scars. In 15/19 cases 
the excised membranes contained numerous RPE cells and this feature was more often 
seen in group 11 patients. 

Outcome: When compared to the development of visual acuity after therapy, neither 
membrane size nor histopathologic features of the membranes showed a significant 
correlation. 

Results are summarized in Tables 1 and 2. 



Discussion 

Age-related macular degeneration is a serious health problem in the old population. Laser 
coagulation and photodynamic therapy (PDT) are methods of choice in cases of classic 
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Fig. 2. Patient 7: choroidal neovascular membrane, classified as neovascularization 0, matrix 3+, 
cellularity 0, RPE 1+ (a PAS; b binary image captured by image analysis - white area corresponds 

to the amount of matrix) 



Table 1. Patients with improved visual acuity 



Patient 

nr. 


Age 


Visual 

acuity 

change* 






Morphology 




Preoperative 
membrane 
size (mm)** 


Matrix 


MVD 


Cellularity 


RPE 


Score 


% 


Score 


Score 


Score 


1 


64 


7,00 


3+ 


86,90 


1 + 


1 + 


2+ 


5,28 


2 


74 


7,00 


3+ 


n.s. 


0 


1 + 


1 + 


7,41 


3 


74 


8,00 


3+ 


92,23 


2+ 


2+ 


2+ 


8,60 


4 


76 


3,00 


3+ 


88,79 


3+ 


3+ 


0 


5,24 


5 


78 


10,00 


3+ 


94,90 


2+ 


2+ 


2+ 


5,85 


6 


81 


2,00 


2+ 


82,65 


3+ 


3+ 


2+ 


6,01 


7 


73 


3,00 


3+ 


n.s. 


0 


0 


1 + 


4,97 


Mean 
















6,19+7-1,33 



* LogMAR 

** as determined by preoperative FLA 
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Table 2. Patients with unchanged/stabilized visual acuity 



Patient 

nr. 


Age 


Visual 

acuity 

change* 






Morphology 




Preoperative 
membrane 
size (mm)** 


Matrix 


MVD 


Cellularity 


RPE 


Score 


% 


Score 


Score 


Score 


8 


70 


-1,00 


3+ 


90,21 


2+ 


2+ 


3+ 


4,44 


9 


77 


-1,00 


2+ 


74,12 


2+ 


2+ 


1 + 


6,53 


10 


82 


-1,00 


3+ 


80,39 


2+ 


2+ 


3+ 


6,15 


11 


81 


0,00 


3+ 


82,10 


2+ 


3+ 


3+ 


8,41 


12 


68 


0,00 


3+ 


83,98 


1 + 


2+ 


2+ 


4,91 


13 


73 


0,00 


2+ 


n.s. 


3+ 


3+ 


2+ 


5,57 


14 


85 


0,00 


3+ 


n.s. 


1 + 


2+ 


2+ 


9,10 


15 


77 


0,00 


3+ 


79,50 


3+ 


3+ 


3+ 


5,24 


16 


79 


0,00 


2+ 


73,10 


2+ 


1 + 


2+ 


5,34 


17 


87 


1,00 


2+ 


n.s. 


1 + 


1 + 


3+ 


10,20 


18 


79 


1,00 


3+ 


74,94 


2+ 


2+ 


3+ 


6,44 


19 


78 


1,00 


2+ 


60,93 


3+ 


3+ 


3+ 


4,59 


Mean 
















6,41+7-1,87 



* LogMAR 

** as determined by preoperative FLA 



nnembranes [2, 3]. All patients in our study had advanced disease with subfoveal, 
predominantly occult membranes with only small classic parts not suitable for these 
established therapies and were therefore treated by combined membrane surgery and 
autologous RPE transplantation. In contrast to laser treatment [6], PDT [7] or membrane 
excision along [8] with recurrence rates of up to 55%, no such recurrences of CNV were 
seen in our group of patients within a follow-up period of 18 to 36 months. Neverthe- 
less, based on the postoperative development of visual acuity the 19 patients could be 
divided into two subgroups: group I with visual improvement of 2 and more lines, and 
group II with stabilized visual acuity of +/-1 line, respectively. In view of these clinical 
findings we investigated, whether a simply determinable preoperative parameter like 
membrane size did correlate with the postoperative visual function; furthermore we 
looked whether the morphologic composition of the membranes possibly reflecting 
disease activity was influential. 

Postoperative visual acuity was independent of membrane size as determined by FLA. 
The morphologic parameters of membranes like amount of matrix, microvascular density, 
cellularity reflected in the degree of inflammatory infiltration and the amount of RPE cells 
were scored semiquantitatively. When compared with the postoperative development of 
visual function no significant correlation with any of the morphologic characteristics eval- 
uated became evident. The higher scores concerning the amount of RPE cells found in 
membranes of patients with unchanged visual acuity was only a tendency. It should also 
be mentioned that the evaluation of RPE content must be seen with caution, since the 
mostly superficial localization of these cells makes them especially sensible to artifacts 
due to mechanical manipulations during and after surgery and the consecutive steps 
necessary for the histological preparation of the specimens. 

The results presented refer to a group of highly selected patients, who generally prof- 
ited from the actual therapy with either improvement or stabilization of visual acuity in 
contrast to the natural course of the disease [9]. In a larger series of 68 patients, 8 (1 1 ,9%) 
showed postoperative visual deterioration. For these cases only date on membrane 
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size were available, which, similar to the study cases revealed no significant difference 

[ 10 ]. 

In conclusion, the results of this study suggest that factors other than membrane mor- 
phology and the size seem to be responsible for differences in the postoperative devel- 
opment of visual function observed in AMD patients treated with subretinal surgery and 
autologous RPE transplantation. 
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Abstract 

Macular translocation surgery remains the only treatment with potential for significant 
visual improvement. Indications are expanding and the surgical technique is continuously 
improving. The knowledge of the fixation and microperimetry pattern enables better 
understanding of the macular dysfunction in eyes with subfoveal choroidal neovascular- 
ization and should be useful for evaluation of baseline retinal cell viability in order to 
optimise patient selection. Improved surgical technique and appropriate patient selection 
result in higher effectiveness and decreased complications. 

Introduction 

Choroidal neovascularization (CNV) secondary to age-related macular degeneration 
(AMD), pathologic myopia, ocular histoplasmosis syndrome (OHS), and related disorders 
are accountable for a large proportion of impaired vision and blindness in the adult 
general population. In fact, AMD alone is the leading cause of blindness in elderly indi- 
viduals 60 years and older in many developed countries [1]. Approximately 90% of the 
blindness due to AMD is attributable to CNV. 

Extensive research on the treatment of neovascular maculopathy has resulted in 
several major developments recently. The development of photodynamic therapy with 
verteporfin for subfoveal CNV is particularly significant. Photodynamic therapy has 
been shown to effectively reduce the risks of visual loss in eyes with subfoveal predom- 
inantly classic CNV [2] as well as pure occult CNV [3] secondary to AMD. In addition, 
it has also been demonstrated to safely increase the chance of stabilizing or improving 
vision in patients with subfoveal CNV secondary to pathologic myopia [4]. Unfortunately, 
multiple retreatments are usually necessary and improvement in vision following 
treatment is uncommon. Although the complications associated with photodynamic 
therapy are relatively few and minor, the potential for significant visual improvement is 
also low. 

Prior to this recent development, the only treatment modality that has been proven to 
be effective for the treatment of subfoveal CNV due to AMD, OHS and idiopathic causes 
was laser photocoagulation [5, 6]. The Macular Photocoagulation Study (MPS) proved that 
laser photocoagulation of the entire area of age-related subfoveal CNV is beneficial with 
regards to long-term visual acuity when compared to observation [7]. However, the treat- 
ment was associated with an immediate average reduction of three Bailey-Lovie lines in 
visual acuity and the benefits of treatment over the natural history of the condition only 
became apparent six months later. Retention or recovery of good vision rarely occurred 
in treated patients. For these reasons, even before the advent of photodynamic therapy, 
laser photocoagulation was not well accepted as a modality of treatment for subfoveal 
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CNV in some countries [8]. It has now been superceded by photodynamic therapy in 
most centers. 

Another major recent advance is the development of a novel surgical approach to 
neovascular maculopathy. Known as macular translocation, it may be defined as any 
surgery that has a primary goal of relocating the central neurosensory retina or fovea intra- 
operatively or postoperatively specifically for the management of macular disease [9], 
Unlike photodynamic therapy, the single greatest benefit of macular translocation is its 
potential to significantly improve vision in some patients. This article reviews the current 
status of macular translocation and highlights some aspects of patient selection that may 
predict good postoperative outcome. 



Past, present and future 

Lindsey and associates first experimented with retinal relocation to study the anatomic 
dependency of the foveal retina on foveal retinal pigment epithelium and choroid in 1 983 
[10]. In 1985, Tiedeman and associates proposed using retinal relocation as a treatment 
for subfoveal CNV [11]. This proposal was not pursued for some time until Machemer 
and Steinhorst finally demonstrated its feasibility in humans in 1993 [12]. 

Machemer and Steinhorst's original technique involves lensectomy, complete vitrec- 
tomy, planned retinal detachment by transscleral infusion of fluid under the retina, 
360° peripheral retinotomy, rotation of the retina around the optic disc and retinal 
reattachment with silicone oil tamponade [12]. Some investigators have since modified 
this technique [13, 14], including performing a large but less than 360° retinotomy 
[15, 16]. 

In an effort to reduce the incidence and severity of proliferative vitreoretinopathy that 
has been reported to occur with macular translocation with large or 360° retinotomy, Imai 
and de Juan described a new technique without any retinotomy in 1996 [17]. They 
detached the retina by transscleral subretinal hydrodissection and performed anteropos- 
terior scleral shortening near the equator to create a relative redundancy of the retina to 
allow macular translocation. Since its initial description in 1996, de Juan and associates 
and others have made several modifications to their technique [18--26]. These include 
chorioscleral outfolding, radially orientated chorioscleral shortening, and use of scleral 
titanium clips and absorbable sutures for chorioscleral shortening. 

A recent experimental study by Hayashi and associates evaluated the retinal changes 
after macular translocation in dog eyes [27]. Histologic studies disclosed the retina was 
normal where it had reattached to the retinal pigment epithelium, but retina involved in 
retinal folds showed loss of photoreceptor cells. 

As more surgeons performed macular translocation and introduced refinements and 
modifications, a proliferation of nonstandardized terms followed. This makes direct com- 
parison between studies difficult and creates potential for confusion. In an effort to facil- 
itate communication within the scientific community, Au Eong and associates proposed 
a standardized terminology and classification for macular translocation, thus unifying the 
various techniques that are currently in use [9]. In addition, key concepts such as 
minimum desired translocation (MDT), postoperative foveal displacement, and the pattern 
of retinal displacement with various techniques were also introduced to aid understand- 
ing of the new surgery. Hopefully, the use of a common standardized terminology will 
enhance further research in this area although the definitions, terms, classification, and 
concepts concerning macular translocation are likely to continue to evolve as it under- 
goes further modifications and refinements. 
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Rationale 

The objective of macular translocation is to move the fovea in an eye with a recent-onset 
subfoveal lesion such as CNV to a new location with presumably healthier bed of retinal 
pigment epithelium-Bruch's membrane-choriocapillaris complex devoid of the lesion. The 
rationale is that this displacement reestablishes a more normal subretinal environment 
beneath the fovea and allows the fovea to recover or maintain its visual function. In addi- 
tion, relocating the fovea overlying a lesion such as CNV to an area outside the border 
of the CNV allows its ablation with conventional laser photocoagulation without destroy- 
ing the fovea, thereby preserving central vision and arresting the progression of the CNV. 
When combined with submacular surgery, macular translocation also allows the fovea to 
be relocated to an area outside the retinal pigment epithelial defect often associated with 
CNV removal. 



Terminology and classification 

An international panel of experts has proposed definitions for several terms relating to 
macular translocation [9]. These are shown below. 

The several different techniques currently in use for macular translocation may be clas- 
sified according to the size of the ret inoto my/ret inotomies used as follows: 

(i) macular translocation with punctate or no retinotomy/retinotomies (also known as 
limited macular translocation). 

This group may be further subdivided into those performed 

(a) with chorioscleral shortening, or 

(b) without chorioscleral shortening. 

Chorioscleral shortening may be effected by chorioscleral infolding (imbrica- 
tion or in pouching) or chorioscleral outfolding (outpouching). These may be 
either circumferentially or radially orientated. 

(ii) macular translocation with large curvilinear "incisions'" of retina. 

This group may be further subdivided into 

(a) macular translocation with 360° retinotomy 

(b) macular translocation with large (but less than 360°) retinotomy. 



Indications 

Currently, the most common indication for macular translocation is subfoveal CNV. 
Given that CNV is most frequently age-related, AMD Is the most common condition 
treated with this procedure [22, 28-39]. Other causes of CNV that have been treated with 
macular translocation include pathologic myopia [29, 40-44]. Ocular Hystoplasmosis 
Syndrome [28, 40], angioid streaks [40, 45], multifocal choroiditis [40], and Idiopathic 
cases [40]. 

Recently, macular translocation has been used to treat polypoidal choroidal vascu- 
lopathy [46]. We have also demonstrated the feasibility of using macular translocation to 
manage subfoveal retinal pigment epithelial loss following submacular surgery [47]. It is 
possible that the spectrum of conditions in which macular translocation is clinically useful 
may expand in the future. 
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Surgical techniques 

A) Macular translocation with punctate or no retinotomy/retinotomies 
(limited macular translocation) 

Our current technique for macular translocation with punctate retinotomies has been 
described elsewhere in detail [18, 21, 22, 48]. Very briefly, for inferior macular translo- 
cation, we pre-place five nonabsorbable mattress sutures in the superotemporal quadrant 
for chorioscleral infolding prior to a standard 3-port pars plana vitrectomy. Following vit- 
rectomy, we detach the retina temporal to the optic disc by subretinal infusion of bal- 
anced salt solution (BSS) through several punctate retinotomies with a 41 -gauge retinal 
hydrodissection cannula (MADLAB retinal hydrodissection cannula, Bausch & Lomb 
Surgical, St Louis, MO). The use of a calcium- and magnesium-free solution for subreti- 
nal hydrodissection has been shown to facilitate the retinal detachment [49, 50]. Intra- 
vitreal irrigation with calcium- and magnesium-free BSS Plus solution (Alcon Laboratory, 
Fort Worth, TX) may also alter the adhesion between the retinal pigment epithelium 
microvilli and retinal outer segments, making planned retinal detachment less traumatic 
[51]. Once the retina is detached, we tighten and tie the mattress sutures to effect 
chorioscleral infolding, causing redundancy of the retina relative to the eyewall. We then 
carry out a 75-90% fluid-air exchange before closing the sclerostomies. Postoperatively, 
the patient keeps his head upright for several days. In this position, the gravitational force 
of the subretinal fluid and the floatation force of the intravitreal air bubble will be aligned 
(in different directions) to effect inferior macular translocation. 

Since de Juan and associates' report on macular translocation with punctate retino- 
tomies [18], many surgeons have proposed modifications to their original technique. 
Recently, several investigators have used either sutures or titanium clips for chorioscleral 
outfolding to increase the redundancy of the retina relative to the eyewall. In an experi- 
ment on human cadaver eyes, chorioscleral outfolding shortened the inner eyewall more 
effectively than chorioscleral infolding [52], thus increasing the likelihood of effective 
macular translocation. 

Benner and associates reported successful retinal translocation in 8 rabbit eyes using 
modified stainless titanium ligating clips (Ligaclip extra LT200, medium; Ethicon, Endo- 
Surgery, Norderstedt, Germany) for radial chorioscleral outfolding [25]. They noted, 
however, greater anterior segment inflammation in rabbit eyes treated with clips than in 
macular translocation surgeries performed using sutures for chorioscleral infolding. This 
observation deterred them from using clips for their initial macular translocation with 
chorioscleral outfolding in humans. 

Lewis used titanium clips (DuraClose^^, Surgical Dynamics, Inc., Norwalk, Con- 
necticut) for chorioscleral outfolding and compared the postoperative foveal displacement 
effected by those placed circumferentially to those arranged in a radial fashion in 25 
patients [24]. He found the median postoperative foveal displacement among patients 
who had circumferential chorioscleral outfolding was 61 4 pm (range, 0-1 326pm) com- 
pared to 1629pm (range, 0-3200pm) achieved by those who had radial outfolding. 

Deramo and associates reported using absorbable suture for chorioscleral infolding 
[28]. They found that the postoperative foveal displacement achieved in the early post- 
operative period did not regress after resolution of the chorioscleral infolding although 
induced postoperative oblique corneal astigmatism resolved. The resolution of the corneal 
astigmatism coincided with the disappearance of peripheral retinal elevation due to the 
infolding. 

For limited macular translocation, the technique for superior displacement of the fovea 
is still not perfected and therefore inferior displacement is preferred in most cases. 
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We consider superior limited macular translocation only in cases when the MDT for a 
superior displacement is very small but that for inferior displacement is large. With a large 
subretinal lesion in which inferior limited macular translocation is not possible and the 
MDT for a superior displacement is large, macular translocation with 360° may be 
considered. 

Nasal macular translocation is feasible and may be considered in patients with sub- 
foveal CNV centered temporally relative to the fovea [20]. The technique is similar to infe- 
rior limited macular translocation except for the placement of the mattress sutures and 
the postoperative head positioning. The mattress sutures are placed temporally and the 
head is held such that the temporal retina is uppermost (i.e. the patient lies on his un- 
operated side). This modification adds a new direction in which the fovea may be dis- 
placed during macular translocation, and may be a viable option for selected patients 
who may otherwise be poor candidates for superior or inferior macular translocation [20]. 

It is possible to achieve effective macular translocation without chorioscleral short- 
ening or large retinotomy [1 9, 39]. Stretching of the retina is thought to produce the redun- 
dancy required for effective macular translocation [9]. 



B) Macular translocation with large or 360° retinotomy 

Machemer and Steinhorst's original macular translocation technique utilizes a 360° 
retinotomy to mobilize the retina [12]. The operation consists of essentially five steps: 
(1) vitrectomy with lensectomy, (2) planned total retinal detachment, (3) 360° peripheral 
retinotomy, (4) removal of subretinal blood and membranes, and (5) retinal reattachment 
with rotation of the retina around the optic nerve. The initial surgeries look some 5 to 
6 hours to complete, and were performed under general anesthesia. Because the post- 
operative foveal displacement achievable with this technique is huge, postoperative 
cyclotropia is a significant problem. To reduce this complication, Eckardt and associates 
developed simultaneous macular translocation with 360° retinotomy and extraocular 
muscle surgery to counter-rotate the eye in the opposite direction [13]. Their results and 
that of others showed that when combined with simultaneous extraocular muscle surgery, 
the postoperative subjective tilt and cyclotorsional diplopia were less severe [13, 53]. 

Instead of 360° peripheral retinotomy, Ninomiya and associates proposed a large 
retinotomy outside the temporal vascular arcades to translocate the macula [16]. Unfor- 
tunately, the results from this technique has not been as satisfactory as that performed 
with 360° retinotomy [15]. 

Ohji and associates compared thee techniques of macular translocation (limited 
macular translocation, macular translocation with large retinotomy, and macular trans- 
location with 360° retinotomy) in 51 consecutive patients [54]. They found the mean 
postoperative foveal displacement was greater in the macular translocation with 360° 
retinotomy (3340 pm) than in the limited macular translocation (1120pm, P < .001) and 
the macular translocation with large retinotomy (1060pm, P < .001). 



Patient selection 

Minimum desired translocation (MDT) 

One of the most important factors to achieving a good postoperative outcome in macular 
translocation is patient selection. Since current techniques of limited macular transloca- 
tion have a median postoperative foveal displacement of about 1200 microns, the mag- 
nitude of the MDT is a very important factor in determining whether a proposed macular 
translocation procedure is likely to be effective i.e. whether the proposed procedure is 
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likely to displace the foveal center to a new location outside the border of the subretinal 
lesion. Surgeons planning to perform limited macular translocation on a particular patient 
should be aware of the median postoperative foveal displacement they have achieved in 
their previous cases. Knowledge of one's median postoperative foveal displacement, when 
considered together with the MDT for a particular eye, can give some idea of the likeli- 
hood of achieving effective macular translocation. For example, if the MDT in an eye is 
equal to the median postoperative foveal displacement normally achieved by the surgeon, 
barring any complication, the eye has an approximately 50 : 50 chance of achieving effec- 
tive macular translocation after the surgery. If the MDT is less than the median postoper- 
ative foveal displacement, the eye has a greater than 50% chance of achieving effective 
macular translocation and vice versa [9, 35]. 

Scanning laser ophthalmoscopic (SLO) microperimetry 

One major concern in eyes with neovascular maculopathy is whether there are viable 
photoreceptors that can be rescued from the diseased subretinal environment to a new 
location with a healthier retinal pigment epithelium-Bruch's membrane-choriocapillaris 
complex so that they can regain or maintain their function. In a recent study, we found 
that good visual acuity (> 20/100) is a good predictor for a favorable visual outcome fol- 
lowing effective macular translocation [55]. However, poor visual acuity (< 20/100) was 
not predictive of an unfavorable postoperative visual outcome. This is because impaired 
vision does not necessarily mean an absence of viable foveal photoreceptors, but may be 
due to such factors as subretinal hemorrhage and fluid. In eyes with poor visual acuity, 
a detailed evaluation of the visual function is recommended to determine the presence 
of viable foveal retinal cells before one can exclude them from a rescue procedure. We 
have found that SLO microperimetry with fixation pattern evaluation provides optimum 
positive and negative predictive values, with good sensitivity and specificity [55]. 

For the purpose of evaluating fixation patterns, we have created a classification to 
assist in differentiating between eyes with good, moderate, and poor fixation [55]. We 
have looked specifically at two parameters, fixation location and fixation stability, and 
have proposed the following grading: 

A) Fixation location: (Fig. 1) 

(1) Predominantly central fixation: eyes with most (> 50%) of the preferred fixation points 
located within a limit area of variation of 2°-dlameter circle centered on the fovea. 

(2) Poor central fixation: eyes with less than 50% but more than 25% of the preferred 
fixation points located within the 2° circle. 

(3) Predominantly eccentric fixation: eyes with less than 25% of the preferred fixation 
points located within the 2° circle. 

B) Fixation stability: (Fig. 2) 

(1) Stable fixation: eyes with 75% or more of the fixation points located within a pre- 
determined limit area of variation of a 2°-diameter circle centered in the gravitational 
center of all fixation points, regardless of the position of the foveal center. 

(2) Relatively unstable fixation: eyes with less than 75% of the fixation points located 
within a 2° circle, but with 75% or more of the fixation points located within a 4° 
circle the fixation, being both centered in the gravitational center of all fixation points. 

(3) Unstable fixation: eyes with less than 75% of the fixation points located within a 4° 
circle centered in the gravitational center of all fixation points. 





Fig. 1. Classification of fixation location: (Fixation points in green indicate the fixation location 
during each perceived stimulus presentation. Fixation points in red indicate the fixation location 
during non-perceived stimulus presentation.) A The location of fixation was defined as predomi- 
nantly central fixation when more than 50% of the preferred fixation points were located within a 
pre-determ ined limit area of variation of 2°-diameter circle centered in the fovea. B The location 
of fixation was classified as poor central fixation when less than 50% but more than 25% of the 
preferred fixation points were located within the 2°-diameter circle. CThe location of fixation was 
classified as predominantly eccentric fixation when less than 25% of the preferred fixation points 

located within the 2°-diameter circle 
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Fig. 2. Classification of fixation stability: A The location of fixation was defined as stable fixation 
when more than 75% of the fixation points were located within a pre-determ ined limit area of vari- 
ation of a 2°-diameter circle centered in the gravitational center of all fixation points, regardless of 
the position of the foveal center. B The location of fixation was classified as relatively unstable fix- 
ation when less than 75% of the fixation points were located within a 2°-diameter circle, but more 
than 75% of the fixation points were located within a 4°-diameter circle. CThe location of fixation 
was classified as unstable fixation when less than 75% of the fixation points were located within a 

4° circle 
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Based on this fixation grading, we evaluated the correlation between fixation pattern 
and postoperative visual acuity of eyes that achieved effective macular translocation. 

We found that eyes with predominantly central and stable fixation (i.e. without dense 
central scotoma) had the highest chance of achieving good vision (> 20/100) after effec- 
tive macular translocation (84% and 91%, respectively). Conversely, eyes with predomi- 
nantly eccentric and unstable fixation had the lowest chance of achieving good visual 
acuity following effective translocation (22% and 33%, respectively). Eyes with poor 
central and relatively unstable fixation had a moderate chance of achieving good visual 
acuity after effective translocation (33% and 58%) [55]. Thus, this concept of foveal via- 
bility evaluation enhances the patient selection process and predicts more accurately 
whether a particular eye is likely to do well after surgery. 



Visual outcomes 

The greatest advantage of macular translocation over other current treatment modalities 
is the potential for significant visual acuity improvement following successful treatment. 
By moving viable retinal cells in the fovea to a healthier bed of retinal pigment 
epithelium-Bruch's membrane-choriocapillaris complex, the cells may recover their visual 
function. 



Subfoveal choroidal neovascularization due to AMD 

The largest series of eyes treated with macular translocation to date was by Pieramici, de 
Juan, Fujii and associates [35, 56]. This study reported the outcomes of 102 consecutive 
eyes with neovascular AMD in 101 patients aged 41-89 years (median, 76 years) that 
underwent inferior limited macular translocation by a single surgeon for new or recur- 
rent subfoveal CNV. After surgery, 62% of the cases achieved effective macular tran- 
slocation with a median postoperative foveal displacement of 1200|im (range, 200- 
2800pm). At 3 and 6 months postoperatively, 31% and 49% of the eyes respectively 
achieved a visual acuity better than 20/100 while 37% and 48% of the eyes respectively 
experienced 2 or more Snellen lines of visual improvement [35]. Sixteen percent of the 
eyes experienced 6 or more Snellen lines of visual improvement [35]. The most recent 
data we have collected on these 1 02 eyes show that by 1 2 months postoperatively, 40.7% 
of eyes achieved a visual acuity of 20/100 or better [56]. Thirty-nine and a half percent 
of the eyes experienced two or more Snellen lines of visual improvement, 29.0% 
remained unchanged visual acuity; and 31.4% lost two or more lines of visual acuity 
[56]. These data demonstrate that the beneficial effects of macular translocation are sus- 
tained over a period of at least one year. 

In this era of photodynamic therapy, there is concern if the potential benefits of 
macular translocation outweigh the surgical risks involved. There is currently no available 
data from randomized clinical trials comparing the efficacy of macular translocation and 
photodynamic therapy directly. Current data suggest the potential risks and benefits of 
photodynamic therapy and macular translocation to be quite different. Photodynamic 
therapy is a relatively low-risk procedure aimed at maintaining the presenting visual acuity 
while improving the visual acuity is a realistic goal for the higher-risk macular transloca- 
tion. A pilot multicenter clinical trial is currently underway to evaluate the feasibility of 
conducting a larger randomized clinical trial comparing the two modalities of treatment. 
However, since most patients are likely to make up their minds on which treatment modal- 
ity is more acceptable to them, it may be difficult to enroll suitable patients who are 
willing to be randomized to receive one of these two treatments. 
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Subfoveal choroidal neovascularization due to causes other than AMD 

We reported the results of inferior limited macular translocation in 23 eyes of 22 patients 
with subfoveal CNV secondary to pathologic myopia (1 1 eyes), ocular histoplasmosis syn- 
drome (OHS) (4 eyes), angioid streaks (4 eyes), idiopathic causes (3 eyes), and multifo- 
cal choroiditis (1 eye) [40]. In this heterogenous group, the preoperative visual acuity was 
20/100 or better in 11 of the 23 eyes (47.8%). After a mean follow-up of 9.8 months 
(range, 6-1 8 months), the postoperative visual acuity was 20/1 00 or better in 7 of the 1 1 
eyes (63.6%) with pathologic myopia. In eyes with OHS, 3 out of 4 eyes (75%) achieved 
a postoperative visual acuity of 20/100 or better after a mean follow-up of 12.8 months 
(range, 9-18 months). After a mean follow-up of 14.3 months (range, 9-18 months), the 
postoperative vision was 20/100 or better in 2 out of 4 eyes (50%) with angioid streaks. 
Two of the 3 eyes (66.6%) with idiopathic CNV and one eye with multifocal choroiditis 
achieved a postoperative visual acuity of 20/100 or better after a mean follow-up of 8.3 
months (range, 6-12 months). This series suggests that macular translocation can restore 
vision in a significant number of patients with subfoveal CNV secondary to causes other 
than AMD. Although the precise indications for surgical intervention are still to be deter- 
mined, these initial results are encouraging [40]. 



Complications 

A number of surgical complications are associated with limited macular translocation. 
However, by avoiding the creation of large retinotomies, as is performed in macular 
translocation with large or 360° retinotomy, the Incidence of retinal detachment and pro- 
liferative vitreoretinopathy is significantly decreased. We retrospectively reviewed 153 
consecutive cases of limited macular translocation to study their complications and factors 
relating their development [57]. This series included the early cases of limited macular 
translocation, allowing us to examine the existence of a learning curve for the procedure. 

Of 153 eyes, the intraoperative complications identified included macular hole (12), 
retinal break (8), subretinal hemorrhage (7), vitreous hemorrhage (3), scleral perforation 
(3), and choroidal hemorrhage (1). The postoperative complications included retinal 
detachment (25), retinal breaks (13), macular fold (7), vitreous hemorrhage (4), new CNV 
at retinotomy site (2), choroidal hemorrhage (1), and suspected endophthalmitis (1). Eyes 
that developed retinal detachment, subretinal hemorrhage, or macular fold had signifi- 
cantly greater loss of vision than eyes without these complications (P < .05) [57]. 

The most common serious postoperative complication is retinal detachment. The inci- 
dence of retinal detachment, hemorrhage or any complication decreased significantly 
during the study period (P = .03), suggesting the existence of a learning curve [57]. Pro- 
liferative vitreoretinopathy and retinal breaks were found in a significant number of eyes. 
When a retinal break is identified during the surgery, laser retinopexy or cryoretinopexy 
intraoperatively or in the early postoperative period is indicated. This will reduce the risk 
of persistent retinal detachment in the postoperative period. Retinal break detected post- 
operatively may or may not be associated with retinal detachment. In the absence of 
retinal detachment, laser retinopexy is advised to reduce the risk of its subsequent occur- 
rence. Postoperative retinal detachment requires surgical intervention. Pneumoretinopexy 
is suitable In cases where the retinal break(s) is in the superior two-thirds of the retinal 
periphery but in most cases, a repeat operation is indicated. Currently, our incidence of 
retinal detachment following limited macular translocation is approximately 5-10%. 

Other findings in this study were that the presence of predominantly classic CNV, the 
occurrence of an intraoperative retinal break, any intraocular hemorrhage, or macular 
fold formation were significantly associated with retinal detachment (P < . 03 ). As 
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expected, eyes that developed retinal detachment, subretinal hemorrhage, or macular fold 
had significantly more visual loss than eyes without these complications [57]. 

Interestingly, transient formed visual hallucinations have been reported to occur in 
two patients following macular translocation [58]. These hallucinations of people, faces, 
and animals occurring in the presence of normal cognition, orientation, and insight are 
suggestive of Charles Bonnet syndrome. They began within 24 hours following macular 
translocation and resolved after the retina became reattached. This temporal association 
of the state of retinal attachment and/or acute change of vision with the onset and 
cessation of hallucinations provides the strongest support to date for the "sensory 
deprivation" theory of hallucination. It has been suggested that a reduction of sensory 
input to specific areas of the brain allows previous perceptions into consciousness as 
hallucinations. 



Recurrence and persistence 

In our study, the incidence of persistent and recurrent CNV in eyes that achieved effec- 
tive macular translocation and received laser photocoagulation was 34.6% at 12 months, 
demonstrating that eyes continue to be at risk of recurrent CNV after surgery and laser 
ablation [56]. In the group with effective macular translocation, recurrence occurred more 
frequently in the subfoveal location (64.7%) than in the juxta- or extra-foveal location 
(35.3%). Therefore, it is important that patients continue to monitor their central vision 
with an Amsier grid to detect early recurrences as a proportion of them may still be 
amenable to laser ablation because of their juxta- or extra-foveal location. 

Overall, at 12 months postoperatively, the group of patients with persistent or recur- 
rent CNV showed a trend towards worse median change in visual acuity than the group 
with no recurrence [56]. 

When the recurrent CNV is either extrafoveal or juxtafoveal, additional laser photo- 
coagulation to ablate the lesion is indicated. When the recurrent CNV is subfoveal, we 
recommend photodynamic therapy if the angiographic characteristics qualifies it for treat- 
ment although the effects of prior macular translocation on the response of the CNV to 
photodynamic therapy is currently unknown. Observation and submacular surgery are 
other management options. We do not recommend repeat macular translocation because 
of a high risk of retinal detachment and proliferative vitreoretinopathy. 



Conclusion 

Macular translocation is a procedure that has the potential for visual acuity improvement. 
Appropriate patient selection optimizes the visual outcomes with this procedure. By estab- 
lishing effective forms of retinal function evaluation in eyes with subfoveal CNV, it is 
possible to better select patients with higher chances of visual improvement and avoid 
surgery in eyes without viable foveal cells. Complications can be minimized by surgeon 
experience and improved surgical techniques. Several contributions in the literature over 
the past few years indicate that, with appropriate surgical technique and careful patient 
selection, eyes with subfoveal CNV may benefit from macular translocation. 
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Abstract 

Background: Macular rotation surgery comprises surgical extraction of choroidal neo- 
vascular membranes in age-related macular degeneration (AMD) and translocation of the 
foveal neural retina over adjacent retinal pigment epithelium. 

Objective: To determine whether macular translocation with 360° retinotomy can stabi- 
lize and/or improve visual acuity in patients with subfoveal choroidal neovascularization 
(CNV) secondary to AMD. 

Design: This study consisted of a standardized surgical procedure on a series of 90 con- 
secutive patients and follow-up examinations at fixed intervals for 24 months. 

Participants: All patients in this study had experienced recent visual loss resulting from 
subfoveal CNV caused by AMD. Twenty-six patients had major macular subretinal hem- 
orrhage, 39 patients had occult subfoveal CNV, and 25 patients had classic subfoveal 
CNV. 

Methods: Macular translocation surgery was performed between 1997 and 1999. The 
patients were examined preoperatively and at 3, 6, 12 and 24 months postoperatively; 
examination included visual acuity, microperimetry, angiography, and orthoptic 
assessment. 

Results: Visual acuity increased by 15 or more letters in 24 patients, remained stable in 
37 patients, and deteriorated by 15 or more letters in 29 patients at 12 months; at 24 
months, visual acuity improved in 16 patients, remained stable in 24 patients, and wors- 
ened in 38 patients. A secondary procedure was necessary in 17 patients because of 
severe complications; proliferative vitreoretinopathy was observed in 17 eyes, macular 
pucker in 5 eyes, and macular hole in one patient. 

Conclusions: Macular translocation is a technically demanding surgical procedure. 
Although the procedure has a high rate of surgical and postoperative complications, the 
functional and anatomical results appear to be promising for selected patients with sub- 
foveal CNV secondary to AMD. 



Introduction 

Age-related macular degeneration (AMD) is the leading cause of severe visual loss among 
the elderly in Western societies. Approximately 10 to 20% of patients with AMD develop 
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the exudative type of this disease, which is characterized by choroidal neovasculariza- 
tion (CNV). Growth of new vessels from the choroid through Bruch's membrane and 
into the subretinal space causes exudation and hemorrhagic lesions accompanied by 
progressive visual loss, resulting in the formation of disciform scars with loss of 
photoreceptors. 

Treatment options for subfoveal CNV are limited. Until the approval of photodynamic 
therapy (PDT), the only proven therapy for subfoveal CNV was laser photocoagulation. 
PDT is now suggested for patients with relatively small, predominatly classic or 100% 
occult lesions; however, the majority of patients with exudative AMD are not candidates 
for PDT [23]. Conventional surgical extraction of subfoveal neovascular membranes is 
not particularly helpful because the underlying RPE is invariably removed resulting in 
poor visual outcome. Furthermore, several studies have shown progression of atrophy 
after membrane extraction and recurrence of CNV in 30 to 40% of patients [4, 5, 6, 9, 
1 3, 1 8, 21 ]. Several modifications of the simple extraction have been suggested to improve 
its success rate. Transplantation of iris (IPE) or retinal pigment epithelial (RPE) cells after 
removal of the CNV may be beneficial, but only a limited number of pilot studies are 
available [1, 14, 22]. 

Macular translocation is a new surgical technique for the treatment of exudative 
macular degeneration. The idea of translocating the neurosensory retina away from the 
subfoveal abnormalities to a healthier appearing RPE and choriocapillaris was first pro- 
posed in 1983 by Lindsey et al. [16]. Machemer and Steinhorst reported the results of 
this surgical procedure in humans in 1993 [17]. The technique used in our series is a 
modification of the original macular translocation proposed by Machemer. In this surgi- 
cal approach the retina is detached from the RPE and rotated such that the fovea is relo- 
cated in contact with an area of healthy RPE. Theoretically, if the fovea is relocated in 
contact with healthy RPE there is the potential for improved visual function. Currently 
two different surgical approaches are used to achieve translocation of the macula, namely 
macular translocation with large retinotomies of up to 360° or limited rotation using 
scleral shortening or scleral imbrication [2, 3, 7, 8, 10, 1 1, 12, 15, 19, 20, 24]. Macular 
translocation with a large retinotomy allows the treatment of larger lesions than the tech- 
nique of limited rotation, which was first described by de Juan. In order to compensate 
for induced cyclotropia, Eckardt and Eckardt suggested the combination of macular 
translocation with counterrotation of the globe in 1998. 

The goal of our study was to evaluate visual and anatomical outcomes in a prospec- 
tive case series of 90 patients suffering from exudative AMD. After publishing the 1-year 
results of this study in 2002, we now report the functional outcomes at 2 years after 
macular translocation with 360° retinotomy. 



Methods 

Patients 

Between December 1997 and December 1999, 90 eyes of 90 patients were followed in 
a prospective consecutive case series. Criteria for inclusion consisted of (1) age of 50 
years or older, (2) best-corrected visual acuity of 20/50 or less in the eligible eye, (3) evi- 
dence of drusen, (4) new or recurrent choroidal neovascularization that involved the 
geometric center of the foveal avascular zone or subfoveal hemorrhages secondary to 
adjacent choroidal neovascularization and (5) informed consent. Ocular criteria for exclu- 
sion consisted of disciform lesions, pigment epithelial tears, polypoidal vasculopathy, 
deep retinal anomalous complexes, and eyes with recurrent membranes after conven- 
tional membrane extraction or laser photocoagulation. The age of the patients (29 men 
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and 61 women) ranged from 58 to 90 years with a mean of 75 years of age. The affected 
eye was the right eye in 53 patients and the left eye in 47 patients. In 23 patients, the eye 
that underwent surgery was the eye with the worst visual acuity, whereas in 67 patients 
the eye that underwent surgery had a visual acuity better than the contralateral eye. 

Examination 

Preoperatively, all patients underwent a comprehensive ophthalmologic examination, 
including anterior segment biomicroscopy, intraocular pressure measurement, and fundus 
examination with slit-lamp biomicroscopy. Best-corrected distance visual acuity was 
measured by a certified visual examiner with the use of the Early Treatment Diabetic 
Retinopathy Study (ETDRS) chart according to a fixed protocol. Color photographs of the 
macula and the disc of each eye as well as a fluorescein and an indocyanin green 
angiogram were taken and microperimetry of the macula of the study eye was performed 
by scanning laser ophthalmoscopy. Orthoptic examinations usually included measure- 
ments of subjective monocular cyclorotation by Maddox rod cylinder at a distance of 
40cm, the light bar of Harms screen at a distance of 1 m, and additionally the Hirschberg 
test, the cover test, the test with Bagolini striated glasses and theTitmus fly test. Based on 
a review of the angiograms, patients were assigned to one of three groups: hemorrhagic 
CNV of at least one disc area involving the fovea, predominantly occult CNV, and pre- 
dominantly classic CNV. 

Patients were scheduled to return for follow-up at 3,6,9,12 and 24 months after 
surgery; at each follow-up visit the examinations were the same as preoperatively. The 
primary efficacy outcome was the change in visual acuity (logMAR) of the study eye at 
2 years after surgery compared with the visual acuity at the baseline examination. 



Surgery 

Macular translocation surgery was performed under general anesthesia. In phakic 
eyes, the lens was removed by means of phacoemulsification and a foldable acrylic pos- 
terior chamber lens was implanted. In all patients a three-port pars plana vitrectomy was 
performed, a posterior vitreous detachment was induced and the peripheral vitrectomy 
was completed as far as possible. To induce the retinal detachment, BSS was injected 
through a small retinotomy usually performed in The inferior midperiphery' using a spe- 
cially designed "detachment" cannula. Once the retina was detached, liquid perfluor- 
carbon was injected into the vitreous cavity and a 360° peripheral retinotomy was 
performed just posterior to the ora serrata. The perfluorcarbon was subsequently removed. 
Using a silicone tipped extension needle, the temporal retina was lifted and pulled nasally. 
With care, the neovascular membrane was extracted and detached from the underlying 
Bruch's membrane with micro-forceps. Any hemorrhage from feeder vessels was coagu- 
lated by bipolar diathermy. Liquid semifluorane was injected into the vitreous cavity to 
stabilize the posterior retina. The retina was translocated to its new position with a 
silicone-tipped extrusion needle. Rotation of the fovea was usually performed superiorly, 
only in a few cases the fovea was rotated inferiorly. Once the fovea was rotated to the 
desired position, the retina was entirely unfolded by injection of perfluorocarbon liquid. 
Laser retinopexy was applied around the midperipheral retinotomies and adjacent to the 
border of the 360° peripheral retinotomy. The perfluorocarbon-semifluorane liquid 
mixture was exchanged for silicone oil of 5000 cSt. 

In a first series of patients, the excyclorotation of the eye was performed in combina- 
tion with the primary vitrectomy. If subjective cyclorotation persisted, surgical revision on 
the eye muscles was done together with silicone oil removal. In a second series of patients. 
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eye muscle surgery was not performed together with primary retinal surgery but with sil- 
icone oil removal. In these cases, subjective cyclorotation caused by retinal rotation could 
be assessed before muscle surgery and thus ocular counterrotation could be better 
adjusted. 



Results 

Ninety eyes in 90 patients with CNV due to AMD were treated with macular transloca- 
tion. Preoperatively, best corrected visual acuity ranged from hand-movement to 20/63 
(median 20/200), and patients with occult CNV had significantly better visual acuity 
compared to patients with hemorrhages. Preoperative fluorescein angiography showed 
classic subfoveal choroidal neovascularization in 25 eyes and occult or mixed subfoveal 
choroidal neovascularization in 39 eyes. Subfoveal hemorrhage secondary to CNV was 
observed in 26 eyes. The two-year follow-up was completed in 78 of the 90 patients. 

Twelve months after macular translocation, best-corrected visual acuity ranged from 
hand-movements to 20/40. Twenty-four patients showed improvement of visual acuity of 
3 lines or more from baseline on the ETDRS chart, 42 patients retained stable visual acuity 
with a change of less than 3 lines and 34 patients showed decreased visual acuity of 3 
lines or more. At 24 months, best-corrected visual acuity ranged from light perception to 
20/40. Sixteen patients showed improvement of visual acuity of 3 lines or more from 
baseline on the ETDRS chart, 24 patients remained within 0.2 log MAR units of their pre- 
operative score, and 38 patients showed decreased visual acuity of 3 lines or more. 

After muscle surgery the angle of subjective cyclorotation was less than 7 degrees in 
the operated eye in 26% of patients. In one third of these patients we obtained a posi- 
tive test for binocular single vision using Bagolini striated glasses. One of these patients 
even had a positive Titmus fly test. In 74% of the patients subjective cyclorotation mea- 
sured more than 7 degrees; in 18 patients cyclorotation measurement was not performed 
postoperatively. A total of 28% of patients complained of persistent diplopia. 

In preoperative angiograms, the size of the choroidal neovascular complex varied from 
0.5 to 4.5 disc diameters in patients with classic CNV, 0.75 to 7.5 disc diameters in 
patients with occult CNV and 1 to 9 disc diameters in patients with subretinal hemor- 
rhages. Postoperatively, the extent of the atrophic lesion was 1 .5 to 6.5 disc diameters for 
the first group, 1 to 4.5 disc diameters for the second group and 1 .5 to 4 disc diameters 
for the last group. At 12 months, seventy-eight patients showed conspicuous areas of 
hyper- and hypopigmentation reflecting alterations of the RPE within the arcades. Chronic 
macular edema with late phase hyperfluorescence without evidence of persistent or 
recurrent neovascularization was observed in 36 eyes. A recurrent choroidal neovascu- 
larization with progressive leakage in the late phase was detected by angiography in three 
patients. At 12 months, retinal rotation was sufficient to relocate the foveal center out of 
the atrophic zone in 77 of 89 patients (Fig. 1), in 12 of 89 eyes the fovea was still located 
within an area of retinal atrophy; most of these 12 eyes belonged to patients with massive 
subretinal hemorrhage preoperatively. Comparison of preoperative and postoperative flu- 
orescein and indocyanine green angiography allowed the calculation of the direction and 
angle of macular translocation: the foveal center was displaced superiorly in 94 eyes and 
inferiorly in 6 eyes. The extent of translocation varied from 10 to 60 degrees (median 31 
degrees). All eyes showed corneal erosion immediately following surgery secondary to 
the corneal abrasion that was done to improve intraoperative visibility. In two patients 
acrylic intraocular lenses implanted during the original surgical procedure had to be 
exchanged because of dislocation and iris capture. In one eye, silicone oil droplets 
adhered to a previously implanted silicone intraocular lens; these silicone oil droplets on 
the lens were removed using semifluorinated alcanes (FeHe). Two eyes showed persistent 
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Fig. 1. Postoperative fundus photograph of the left eye of an 80 years old female patient 42 months 
after macular translocation, demonstrating the new center relocated outside the center of 

choroidal atrophy 



ocular hypotony after macular translocation and silicone oil removal with intraocular 
pressure not rising over 8mmHg. One patient developed persistent corneal decompen- 
sation and required a corneal transplant. Recurrent CNV occurred in 3 patients, with the 
vessels always growing towards the new foveal center; in two of these patients the recur- 
rent membrane complex was removed surgically, in the other patient the CNV was treated 
by photocoagulation since the CNV was excentric to the new foveal center. Primary pro- 
liferative vitreoretinopathy developed in 9 eyes following vitrectomy; secondary prolifer- 
ative vitreoretinopathy with retinal detachment following silicone oil removal was 
observed in 10 eyes; macular pucker was observed In 5 eyes; peripheral epiretinal mem- 
branes in 7 eyes and a persistent macular hole in one eye. All these patients were treated 
surgically to reattach the retina or remove neovascular membranes. All of these compli- 
cations were observed In the first year after surgery and no further complications occurred 
during the second year after surgery. 



Discussion 

For the first time we present a large consecutive series of patients that underwent macular 
translocation with 360° retinotomy for the treatment of exudative age-related macular 
degeneration with a follow-up of two years. 

At present, macular translocation seems to be a promising therapeutic option, which 
offers the possiblity of Improving vision in patients suffering from AMD. 

In our series, two years after surgery 16/78 patients showed significant improvement 
of vision and another 24 patients retained stable visual acuity. Fiowever, approximately 
half of the patients showed deteriorated VA at 24 months. A secondary procedure due to 
severe complications was necessary in 25 cases. In 19 of the 25 eyes the complications 
were due to PVR, a rate which theoretically could be reduced by improving the surgical 
technique and shortening the duration of surgery. 

A significant number of patients experienced deterioration of visual function, although 
they did not have any complications and showed a healthy-appearing funduscopic 
picture. Possibly in these cases, a significant part of the pigment epithelium was translo- 
cated along with the retina, as previously described in the literature. Other explanations 
might be associated with the type of the original neovascular membrane, the preopera- 
tive condition of the pigment epithelium and the adhesion between pigment epithelium 
and retina. 
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The precise indications for macular translocation are not yet well defined. However, 
we found a significantly better functional outcome after macular translocation in patients 
with classic CNV or hemorrhages than in patients with occult CNV. Furthermore, the rate 
of retinal detachment representing the most significant retinal complication was lower in 
patients with classic CNV than in patients with occult CNV. In the two eyes with recur- 
rent subfoveal choroidal neovascularization after laser photocoagulation we could not 
separate the sensory retina from the photocoagulation scar without mechanical manipu- 
lation and creation of a large RPE defect. Thus, macular translocation should not be rec- 
ommended for patients previously treated with laser photocoagulation for choroidal 
neovascular membranes. 

In a small series of our patients who underwent macular translocation we performed 
conventional and multifocal electroreti nograms pre- and one month postoperative I y. The 
electrophysiological data indicated a reduction of photopic and scotopic amplitudes for 
all patients after macular translocation with 360° retinotomy. 

Macular translocation with 360° retinotomy offers the possibility to treat patients with 
classic CNV as well as occult CNV or massive hemorrhages and CNV of a larger size, 
compared to laser photocoagulation and photodynamic therapy. 

Macular translocation with 360° retinotomy is a promising new surgical technique for 
the treatment of subfoveal CNV and It is not limited by the size, the nature, or the poten- 
tial obscuration of the lesion. Our study indicates that macular translocation can stabi- 
lize, and sometimes improve visual acuity in the majority of patients. A clearer picture 
of the role of macular translocation with 360° retinotomy in the treatment of subfoveal 
neovascularization will emerge when the results from an international randomized, mul- 
ticenter trial, the MARAN study, will become available. 
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Introduction 

Survey on AMD and cataract 

At the end of the Millennium 6.5% of the population were older than 75 years [26], that 
means 500.000 people for Austria and 5.3 million for Germany, respectively. 

Senile cataract and age-related macular degeneration (AMD) both belong to the most 
common causes of decreased vision and blindness in persons over 60 years. 

These two age-related eye diseases do have a growing frequence because of the higher 
life expectancy in the civilized countries; e.g. the prevalence rate of AMD in persons over 
40 is about 9.4% [1], rising up to 30% [6], and over 52% [31, 34] in the group between 
70 and 90 years; variations belong to the selection of age groups and to different defini- 
tions of AMD. 

In persons from 65-85 years, the cataract prevalence rates are about 53-80% [2], 
but only 44% in cases of coexistent age-related macular degeneration [6] - see 
Fig. 1. 

Despite the fact that senile cataract is more common in elderly persons than AMD 
and even more often the cause of bilateral visual impairment, AMD definitely is the 
leading cause for blindness in industrialized nations in recent times. 

Cataract surgery has proved to be a very efficient and safe procedure in recent years 
as a consequence of dramatic improvements in microsurgical techniques. In the decade 
from 1985-1995 cataract extractions worldwide rose up to 300%, as international statis- 
tics show. In particular, extractions in patients over 80 had an especially high increase 
(e.g. there was a 4-fold increase counted at the Singapore National Eye Centre). 

Surgical rates in 1997 (i.e. number of cataract operations per million inhabitants 
per year) were 5000 for the USA and 3000 for western European countries, respectively. 
Tendency is going up further. 

A growig coincidence is seen in case of cataract and AMD. Therefore, scientists are 
most interested to search for a possible uniform etiology to understand and influence both 
of the diseases. 



Discussion on etiology 

The reports on the influence of cataract extraction on the progression of preoperatively 
diagnosed AMD, are inconsistent for now. Thus, the mechanisms for postoperative (p.o.) 
macular edema or - degeneration are poorly understood [36-39]. 



* In accordance to the results of the round table discussion of Study Representatives of the 4 partner 
clinics on Nov. 25th, 2000 at the Bristol Hotel, Vienna, as well as to the correction of the IMS. 
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Fig. 1. Prevalence rates of Cataract and AMD in the second half of life. Compare [1, 2, 6, 24] 
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The course of (seldom) exsudative AMD seems to aggravate in the first six months 
after cataract surgery [9], however, but in cases of more common "dry" AMD, scientific 
opinions are highly conflicting. 

Pollack [10] was looking for the clinical course of AMD during the first 3 years after 
cataract surgery. He noticed that AMD was increasing more often in operated eyes, as 
compared to the partner eyes, which was probably caused by phototoxicity. 

Van der Schaft [1 1], on the other hand, did not call for the same theory. No signifi- 
cant changes in macular degenerations could be found in 82 post-mortal eyes, even if 
pseudophakic eyes with/without UV-filters were compared to each other. 

The Beaver-Dam-Study [12] reported on a big longitudinal trial in 3684 adults from 
43 to 86 years. The conclusion was that pseudophakic eyes may have a 2.8-fold risk for 
a progression in AMD after five years. 

Other results were found out in Rotterdam study [13], where 6417 right eyes were 
investigated: on an average, no higher prevalence rates for atrophic or exsudative forms 
of AMD could be seen in eyes after cataract surgery when compared to phakic eyes. 

In this context, it seems to be necessary to look not only for morphologic changes, 
since at least the same importance has to be contributed to patient's satisfaction and visual 
function. 

Shuttleworth [14] was reporting on 99 patients having AMD, of whom 80% were 
discovering a significant improvement in vision after cataract extraction. Not less than 
1 7% of them said that eye surgery had not been helpful to them. 

More recently, Armbrecht and colleagues [26] were conducting a bi-centric, non- 
randomized trial on 187 cases of AMD. They found a clear improvement in vision after 
cataract surgery in "mild" to "moderate" forms of AMD. 

However, investigative methods were not exactly the same in the two ophthalmologic 
centers. 



Conclusions 

There is still much to work and learn on our topic; especially large, prospective trials 
are needed. They might show us new pathogenetic factors or could contradict to older 
theories. All this would be very helpful for the ophthalmic professional to determine 
the optimal time for cataract surgery in his AMD-patient. 

Nevertheless, this decision is influenced by many other factors, such as the patient's 
informed consent or his physical condition in general. 
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The co-operation to our patients indeed is of greatest importance to finally achieve a 
better quality of vision (and life) for them. 

We were sure that the issues in ECAM-I may just be answered by pre-operative 
randomisation of our patients, since few literature has been published to this topic. 
Additionally, there are statistical deficits in most of the specific papers [9-14, 21, 26]. 

Therefore we started on a multi-centric trial (with further participation of three other 
ophthalmologic centers) in May 2002, in the way that has been described. 



Study design 

The trial Extracapsular cataract extraction and course of age-related macular degenera- 
tion (ECAM-1) shall describe the clinical course of pre-existent, non-exsudative forms of 
age-related macular degeneration (AMD) in the context of routine extracapsular cataract 
extraction by phacoemulsification. 

The main goal of the ECAM-study is to test for a hypothetic association between 
cataract surgery and a faster progression of pre-existent AMD. 

Furthermore, consequences for visual function and quality of life of our patients will 
be assessed. 

Possible new risk factors for AMD as well as the influence of post-operative abnor- 
malities on the promotion of AMD may be described. 

It is our challenge now to contribute for an optimal point of time in cataract surgery 
of AMD-patients, in order to raise quality of vision and life for them. 



Treatment options 

Patients with advanced senile cataract and non-exsudative AMD will be randomized after 
looking for inclusion and exclusion criteria in ECAM-1. 

Hence, 2 groups will be formed: 

Croup I: Control group with no surgery but observation for 6 months; 1 week after 
surgery, a final examination will be done. Just one eye per patient can be included. 

Croup II: Immediate cataract surgery (just one eye per patient); subsequently, there 
will be 6 months of observation. 



Final variables 

The main final variable is size of AMD (in percent of a well-defined region) after six months 
compared to the size at inclusion. The value of the main variable at the beginning of the 
trial will be taken into account as a co-variable. 

Other final variables are changes in: visual acuity (distance and reading), gradings of 
cataract (LOCS-III), qualitative gradings of AMD, and a quality of life assessment by a 
modified VF 14-questionnaires. 

Other variables are changes of: low contrast sensitivity (by acuity charts), visual acuity 
meter results, intraoculor pressure (AT), vitreous behaviour (ultrasound examinations) and 
inflammatory reactions (slit lamp). 



Inclusion/exclusion criteria 

Inclusion criteria 

- Moderate forms of senile cataract In one or both eyes. Grading has to be done by the 
LOCS-III system [15, 33] and SL-pictures. At minimum, a grading of 2.1 has to be 
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reached in at least one sub-classification - nuclear, cortical or posterior subcapsular 
cataract. 

- Fundus insight must be sufficient enough for fundus imaging, as FLA, SLO and digi- 
tized colour pictures. 

- Non-exsudative, age-related macular degeneration with clinical importance (drusen 
with/without pigmentary anomalies, or circumscribed atrophy of pigment epithelium). 
The AMD shall match with the term "early AMD" In some international classifications 
[32]. At minimum, one point in our ECAM-scheme has to be reached. 

- Age > 1 9 years. 



Exclusion criteria 

- Vascular retinopathy (diabetic and hypertensive retinopathies, former central retinal 
artery/vein occlusions) 

- Late AMD-forms following the international classifications (exsudative AMD or final 
geographic macular atrophy) 

- Atrophy of the optic nerve 

- Glaucoma 

- Mature cataract (no sufficient fundus insight) 

- Former ophthalmic surgery or trauma in the same eye 

- Myopia > 10 diopters 

- Patients with no compliance and/or suffering from multiple diseases 

Methods 

Statistical structure, randomization 

In ECAM-I, 320 patients shall be randomized. That is, 160 patients in both of the groups 
(I or II) or 40 patients per group and clinical center. 

ECAM-I will run for about 2 years, taking part in up to 4 ophthalmic centers. 

At first, this is necessary to get the high sample size of 320 patients soon, which is 
needed for statistically significant results. 

Secondly, we wish to avoid bias error from a specific surgical technique ("surgeon 
factor"). The participation of patients from different regions should also add to the scien- 
tific power of the trial. 

Finally, an observer-blinded analysis and quantification of the main variable (Size of 
AMD) will be provided by participation of an independent, fifth Study Center. 

Statistical analysis 

The main variable (size of AMD after 6 months) will undergo Co-variance analysis 
(according to randomization) with the following fix factors: 

Center (l-IV); Age (<65/>65); Cataract-Grading (<3/>3); 

AMD-Grading (<3/>3); Treatment group (1/11). 

The size of AMD at the beginning will be calculated as Co-variable. 

Analysis of ordinal scaled or dichotomic variables will be done by the "Proportional- 
Odds-Model" or by logistic regression with respect to the same influence factors. 

An explorative prognosis model will try to identify potential risk factors for a pro- 
gression of AMD (we are thinking of a positive correlation to a progression in AMD in 
the following cases: postoperative bulbus hypotension, postoperative cyclitis and central 
vitreous traction). 
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The main criterion will be tested for therapeutic effects on the two-sided significance 
level of alpha = 0.05. Sample size will be calculated from the according numbers in the 
two-sided T-test for comparison of parallel groups. 

With a sample size of 1 60 patients in each group, a systematic difference of therapies can 
be found in an amount of 1/3 of standard deviation with a probability of >0.8 (Power >80%). 

Examinations (visual acuity^ fundus imaging) 

Distance acuity has to be tested by ETDRS-charts [1 6, 29] that have been proved in many 
trials. 

For near acuity, RADNER-charts are needed [30]. Contrast sensitivity has to be tested 
by auto-refraction or other systems, such as the Pelli Robson Contrast Sensitivity charts. 
Every V.A. testing shall include an examination by V.A.-meter or retinometer. 

Image angles should range from 30-40° (ideally, 35°) in mydriasis, after looking for 
sharpness and elimination of dispersion or reflexes. 

We have developed a special scheme for AMD-classes (the ECAM-scheme) for a clin- 
ical differentiation of the three major types of dry AMD: drusen, confluent drusen and 
pigment epithelial atrophy. 



Grading 

All cataracts will be graded by the standardized LOCS-III-System [15, 33]. 

The patient's cataract has to be compared with the standardized retro-illuminated 
slides to get reproducible grading results. Grading must be done in 4 different categories, 
all of which the grading result has to be 2.1 or more in at least one category. 

Digitized fundus images (SLO, ELA or infrared pictures) will be analyzed by semi- 
quantitative, computer-assisted processing. Pictures will be filtered by a special software 
with amplification of contrast in the green canal after removing shadows. AMD-related 
findings within a well-defined region of interest (=ROI) or area of interest (=AOI) of the 
retinal center will then be graded (aspect, number and size of pathologic findings). 

The ROI/AOl is defined as a circle, centered in the fovea, with a diameter of 1,500 
to 3,000 micrometers [19] or a 256 x 256-pixel area in the digitized fundus images. 

Finally, all the lesions being typical for AMD, such as drusen, atrophic or exsudative 
changes, will be indicated in percent of ROI (see Fig. 2). 




Fig. 2. Left Image: Colour photograph with early AMD showing two singular drusen. Right Image: 
After digitizing, total drusen area may be indicated as 1556/33250 pixels (i.e. 0.47%) of the ROI 

(region of interest) 
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Many advantages are calling for such a technique: First, the production of highly 
reproducible results with a specificity of 90%. Second, sensitivity does also correlate with 
conventional qualitative grading In 60-90%. Third, it is a time-and cost-saving system 
with an overall advantage for statistical analysis. 



Surgical methods, p.o. medication 

Surgical technique and postoperative medication in ECAM-I were brought into conform- 
ity with all participating Centers in November, 2000 in Vienna, as following: 

- Local anaesthesia (subconjunctival or parabulbar) 

- Small incision surgery (corneoscleral tunnel or clear corneal incision) 

- Phacoemulsification, with implantation of a foldable lens in the capsular bag, no 
sutures if possible. 

- Postoperative medication: Steroidal eye drops and/or ointment in the first week (even- 
tually combined with NSAR = non-steroidal antirheumatics), followed by steroids 
and/or antiphlogistics for another three weeks. 



Timetable for examinations 



Timetable for Group I (late surgery): 
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Timetable for Group II (early surgery): 
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Legend to tinnetables: 

(postop. = postoperatively; E-1 to E-6 = Examination points; Vis. Acuity (D/R) = Visual acuity for 
distance and reading; FLA = Fluorescein Angiography Imaging, SLO = Scanning Laser 
Ophthalmoscopy, SL = Slit Lamp examinations (i.o. pressure, signs for inflammation, . . .). 
Ultrasd. = A + B mode ultrasound of the vitreous body. 
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Actually included patients and discussion 

Until September 2002, 11 patients (8 women and 3 men) had been included into the 
ECAM study. The average age was 80 years, and cataracts were predominantly nuclear In 
6 cases and cortical in 5 cases. The average grading value was 3.5 in the LOCS-1 11-system. 

In the first observation period, 40% of patients of the "early surgery" group had 
improvements in contrast sensitivity, whereas all of them had good improvements in visual 
acuity (distance and near acuity) of more than three lines as well as in the quality of life 
index. 

The question on how to deal with cataracts in AMD patients is still an unsolved issue. 

There were some studies suggesting no AMD-progression and a clear visual benefit 
after cataract extraction (Shuttleworth, Armbrecht, the Rotterdam study), however, some 
of the larger epidemiologic trials (Beaver Dam) found an increased risk for pseudophakic 
patients to develop late(r) AMD stages. 

In general, there is pretty much scientific evidence that more advanced AMD stages 
have a higher tendency to progress after cataract surgery than earlier stages would do. 

But where are the borders? And how could we define a highly reproducible and time- 
saving grading system to test for these borders? 

Finally, what can we tell to our patients, seeking for medical support, and not a con- 
troversial discussion? We must take into account, that in cases of confirmed non-exsuda- 
tive AMD, many patients will get a clear advantage in acuity, contrast sensitivity as well 
as their quality of life index, at least in the first 6 months. Moreover, most of these patients 
are far over 60 with a decreased life expectancy. 

So we are curiously waiting to get more results published in the coming years. 
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Introduction 

Combined surgery became safer during the last years, because surgical techniques and 
new materials reached a high level of development in anterior and posterior segment 
surgery. Patients with cataract in combination with vitreoretinal diseases, especially with 
macular disorders, profit from these improvements. 

Until 1992, when Malbran reported about his results in combined cases, surgery was 
usually restricted to indications like cataract with vitreous opacities and cataract with vit- 
reous haemorrhage in eyes with less severe retinopathy, or simple vitreous haemorrhages 
after branch vein occlusion or spontaneous vascular rupture [1]. 

In this time there was the opinion, that an intraocular lens (lOL) should be not 
implanted, if the retinal situation showed active, proliferative disease and / or a retinal 
detachment. The decision whether an lOL should be implanted or not was made at the 
end of vitreous surgery, when the retinal situation could be jugded properly. The need 
of an intraocular tamponade was considered as a contraindication for a polymethyl- 
metacrylate (PMMA) - lOL, which necessitated an enlargement of the incision. This was 
due to the fear of lens dislocation, iris capture or wound dehiscense with irisprolaps and 
consequent delayed wound healing. Suturing a large wound always distores the corneal 
shape and makes view during vitreous surgery more difficult. 

In 1994 and 1995 new foldable silicon lenses were implanted via a small incision, 
but soon it was realized, that they cannot be combined with a silicon oil tamponade. 
Biochemical alterations of these lenses can cause swelling and opacification of the 
implant, when the posterior capsule is open [2]. 

It has been noted that cataract extraction on eyes with previous vitrectomy is often 
more complicated because of various anatomic changes within the eye [3]. Other study 
groups have described deeper anterior chambers [4, 5], unstable lens capsules [4, 5, 6] 
and posterior capsular plaques [7]. 

The new generation of foldable acrylic lenses enlarged the indications for combined 
surgery because they allow an optimal view during surgery to the retina, can be implanted 
with a small incision and make the combination with intravitreal gas- or silicon oil 
tamponade possible. 

The purpose of our report is to describe our experiences and complications related to 
combined phacoemulsification of the lens with posterior chamber lens-implantation and 
pars plana vitrectomy in a consecutive series of patients with macular disorders. 



Material and methods 

A total of 118 eyes, operated between august 1995 and January 2001 (74 right and 44 
left eyes) of 1 16 patients were included in the study. 55 patients were male and 61 were 
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female with an age ranging between 17 and 89 years (medium 70,3 years). 

We recorded the indications for combined surgery, age of the patients at surgery, sur- 
gical procedure and postoperative complications. 

A complete eye examination of the anterior and posterior segment was made preop- 
erativly, postoperativiy and after 1,3 and 6 months. Ultrasonography and / or fluorescein 
angiography were made when necessary. 



Techniques 

Every patient underwent phacoemulsification of the lens via a small incision and implan- 
tation of a foldable intraocular lens. A standard three port pars plana vitrectomy was made 
under monitored intubation anaesthesia. Then a fornix-based conjunctival flap was dis- 
sected medial and lateral the limbus. 

Sclerotomy sites were marked 3. 0-3. 5 mm posterior the limbus inferotemporaly, supe- 
rionasaly and superiotemporaly. A suture was preplaced for the inferotemporal sclero- 
tomy site. 

In most of the cases a clear corneal superior temporal incision was used. In the other 
eyes first a partial-depth corneal incision, 1 to 2 mm posterior to the superior limbus and 
then a stab incision of 3, 0-3, 2 mm within the corneoscleral groove was made. The ante- 
rior chamber was filled with hyaluronate sodium (Healon©). 

Continous tear capsulorhexis was performed, followed by hydrodissection with bal- 
anced salted solution. The lens nucleus was removed with phacoemulsification. Residual 
cortical material, was aspirated with the tip of the irrigation-aspiration instrument. 

The anterior chamber and capsular bag were reformed with viscoelastics, and a fold- 
able acrylic intraocular lens was inserted through a small incision - 3,2 mm. If an intra- 
vitreal tamponade was planned, the wound was temporarely sealed with a 10,0 nylon 
suture. 

The Infusion cannula was placed inferotemporal and connected to the irrigation solu- 
tion (balanced salt solution, BSS). Via two superiorly located sclerotomies the endoillu- 
minator and the vitrectomy instrument were Introduced. 

The vitreous surgery was performed either with a mechanical cutter in 107 eyes 
(90,7%) or with an Erbium-Yag-Laser Vitrectomy Machine in 11 eyes (9,3%). 

Scatter laser photocoagulations and / or endodiathermy was added when necessary. 
After fluid silicon oil or gas exchange the sclerotomies were closed. Acetylcholin was 
injected into the anterior chamber to constrict the pupil and the viscoelastic was removed. 
All patients were treated with combined topical antibiotic-corticosteroid ointment and 
atropine ointment. 



Results 

Indications for a combined surgery were cataract and preretinal membranes in 18 eyes 
(15,2%), subretinal membranes in 38 cases (32,2%), macular holes in 19 patients (16,1%) 
and 43 cases of retinal detachment with macular envolvement (36,5%) (Fig. 1). 

In 45 cases (38,1%) silicon oil and in 21 eyes (17,8%) an expanding gas (SF6, C2F6) 
was used as an Intravitreal tamponade. 

Surgery was uneventful in all eyes. Complications related to the combined procedure 
were listed and devided Into Immediate and late. 

Immediate complications occurred in a duration period of 1 to 3 weeks in 7 cases 
(5,9%). These were keratopathy in 3 eyes (2,5%), shallow anterior chamber In 3 cases 
(2,5%) and 1 irritation of the pupillomotoric function (0,9%) (Fig. 2). 
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□Cat. and preretinal 
membranes (N=18) 

■ Cat. and subretinal 
membranes (N=38) 

□ Cat. and macular holes 
(N=19) 

□ Cat. and PVR-retinal 
detachment with macular 
involvment (N=16) 

■ Cat. and Ablatio retinae 
with macular involvment 
(N=27) 



Fig. 1. Indications for combined surgery (N = 1 18) 



□ keratopathy (N=3) 

■ shallow anterior chamber 
{N=3) 

□ irritation of pupillomotoric 
(N=1) 



i 

Fig. 2. Immediate complications 1-3 weeks (N = 7) 5,9% 




□ inflammation - uveitis 
(N=7) 

■ pressure rise (N=4) 

□ macular edema (N=4) 

□ endophthalmitis {N=1) 

■ retinal haemorrhage 
(N=6) 

Fig. 3. Late complications 4 weeks-6 month (N = 22) 18,6% 




Late complications, defined as complications in a period of 4 weeks to 6 months post- 
operatively, were observed in 22 cases (18,6%) - uveitis and inflammation in 7 eyes 
(5,9%), transient intraocular pressure rise and macular edema in 4 cases (3,4%) each. A 
retinal haemorrhage occurred in 6 eyes (5,0%). Only in 1 case (0,9%) an endophthalmi- 
tis occurred about one month postoperatively (Fig. 3). This inflammation vanished com- 
pletely under topical and systemic antibiotic treatment. 
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Discussion and conclusion 

Modern surgical techniques and new lens materials have made combined surgery much 
safer. Cataract formation and progression is a well-known consequence of pars-plana 
vitrectomy (PPV). 

There was always a dilemma what to do first. On the one hand, if vitrectomy is done 
behind the cataract, the retinal situation will be judged very hard, due to a cataractous 
lens, and cataract surgery becomes more difficult. On the other hand, if cataract surgery 
is made in the first line, the retinal disorders will be changed for the worse. 

When cataract extraction is delayed after vitrectomy, the absence of vitreous support 
for the posterior capsule may complicate the removal of the nucleus and cause excessive 
capsule movement during cortical aspiration, increasing the risk of an inadvertent poste- 
rior capsular tear [12]. 

To avoid some of these problems Blankenship et al. [13] described a method of com- 
bined lensectomy and vitrectomy similar to that of Girard [14], in which a posterior 
chamber lens is placed at the end of the surgery. With two 19-gauge needles through the 
pars plana the posterior lens capsule is excised, leaving the anterior capsule and zonules 
intact, and the cataractous lens is aspirated. After vitrectomy a posterior chamber lens is 
inserted through a limbal wound into the ciliary sulcus anterior to the anterior lens 
capsule. Finally a large central discission in the anterior lens capsule is created [13]. 

The disadvantages of this technique include sulcus fixation of the posterior chamber 
lens and large discission in the anterior and posterior capsule with the potential risk of 
developing keratopathy if silicon oil is used as tamponade. 

Some study groups found that about 80% of eyes undergoing vitrectomy for macular 
pucker develop nuclear sclerosis over an average period of 6 to 29 months [8, 9]. These 
results were similar to other reports of increased nuclear sclerosis after PPV for repair of 
macular pucker and macular holes [8, 10, 11]. The average interval between phaco- 
emulsification and PPV was about 20 months [6, 7]. 

Chang et al. described in their report, that 74% of the vitrectomiced eyes had pre- 
dominatly nuclearsclerotic cataract compared with 42% of the control eyes [3]. 

Based on our experiences phacoemulsification of the lens first, via a small incision 
through the anterior chamber, inserting an foldable acryllic intraocular lens and vitrec- 
tomy with retinal surgery as a second step seems to be the safer method to treat patients 
with cataract and macular disorders. Visual results after vitreous surgery, like macular hole 
surgery and epi-/subretinal surgery, can be better compared, if the cataractous lens has 
been removed. Results of our study suggest that cataract surgery and lOL do not hinder 
complete vitreoretinal surgery in combination with tamponades, which were made in 66 
cases (55,9%). 

The purpose of our study was to confirm that in combined cataract and vitreous surgery 
early complications are transient and late complications occure with the same intensity 
and frequency than expected in vitrectomy and retinal surgery alone. 

Not only moderate complications, like significant posterior capsular opacification and 
glaucoma, but also mild complications, like mild opacification at the capsule occurred 
in a similar period, rate and frequency than our data suggest. 

Furthermore combined surgery offers a lot of advantages for the patient. The primary 
advantages are only one surgical procedure, one anaesthesia, better access to the vitre- 
ous base, a low rate of complications and prevention of contact of silicon-oil with the 
corneal endothelium, in order to reduce risk of keratopathy. Combined surgery with 
modern foldable lOLs offers faster visual rehabilitation without increasing the risk. 
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Introduction 

Pathologic Myopia has been reported to be a nnajor cause of blindness, especially in 
younger patients [1]. Pathologic myopia is characterized by excessive axial length and 
secondary degenerative changes in the periphery and in the posterior pole. Choroidal 
neovascularisation (CNV) occurs in 5-10% [2, 3] of these patients and extends under the 
centre of the foveal avascular zone in about 50% [4, 5]. Thermal photocoagulation of 
subfoveal CNV results in an immediate permanent decrease of vision with an absolute 
scotoma in the centre [6, 7]. Two multicenter, double-masked, placebo-controlled, ran- 
domised clinical trials-the Verteporfin in Photodynamic Therapy Study (VIP-study) [8] and 
the Treatment of Age-related Macular Degeneration With Photodynamic Therapy Study 
(TAP-study) [9] showed a better outcome for distance acuity in cases of pathologic myopia 
than in cases with age-related macular degeneration (AMD). The purpose of our study 
was to examine more precisely a series of eyes with pathologic myopia and sCNV treated 
with PDT and work out characteristics of the myopic membranes. 

We included in our study eyes with pathologic myopia and subfoveal choroidal neo- 
vascularisation with a distance acuity of at least 0,1. Pathologic myopia was defined as 
an eye requiring a distance correction of at least -6,0 dioptres or with an axial length of 
more than 26,5 mm [10, 11]. We excluded patients with general contraindication against 
Verteporfin like porphyria or porphyrin sensitivy and severe liver disease. Eyes with any 
significant ocular disease other than sCNV or pathologic myopia, or surgery within 2 
months could not be included. Eyes with signs of age-related macular degeneration such 
as large drusen or with signs of multifocal choroiditis were excluded. 



Patients and methods 

Besides medical history, biomicroscopy of the anterior and posterior segment was per- 
formed. The best corrected distance acuity was tested with ETDRS Charts in 4 m distance, 
the test was repeated in 2 m distance when the patient could read less than 1 line [12]. 
The reading acuity was tested with JAGER Charts in a distance of 20cm with an addi- 
tional correction of +3,0 to +5,0 dioptres (this additional correction must not be changed 
at the follow up examinations). For the 1 0 degree static threshold perimetry the Macular2 
(M2) program of the Octopus 101 perimeter was used [13, 14]. The fluorescein angiog- 
raphy and the measurement of the lesion size was performed with the Heidelberg Retina 
Angiograph. The Optical Coherence Tomography (OCT) was performed with enlarged 
pupils with the Optical Coherence Tomography-Scanner (Zeiss). The multifocal Elec- 
troretinography (mERG) with the Retiscan (Roland Consulting) completed our examina- 
tions. All these examinations were repeated after 6 weeks, three months and afterwards 
every three months. 
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Table 1. Decimal distance acuity with ETDRS Charts 




baseline 6 weeks 3 months 6 months 9 months 1 2 months 



Table 2. Reading acuity Jager Charts 




baseline 6 weeks Smooths 6 months Smooths 12 months 



PDT treatment was performed according to the Visudyne protocol. 

The intravenous infusion of 6mg/m^ body surface area of verteporfin, was followed 
by irradiation, 15 minutes after the start of sensitizer administration, with light at 689 nm 
delivered by an ocular photoactivation diode and laser-linked slit lamp (Coherent Inc., 
Palo Alto, CA) at an intensity of 600mW/cm^ over 83 seconds. The spot size was deter- 
mined after measuring the greatest linear dimension of the entire lesion and additionally 
adding 1 000 pm. Retreatment was performed when we noted any leakage in the late phase 
angiograms at the three months check-ups. 

14 eyes of 13 Patients were included with an average age of 67.8 years (ranging from 
54 to 92 years) 10 patients (11 eyes) were female and 3 patients were male. The mean 
observation time was about 22 months ranging from 18 to 27 months. The patients 
received 1 to 3 treatments, in the year (3 eyes once, 6 eyes twice, 5 eyes three times). 



Results 

The Table 1 shows a diagram of the mean values of decimal distance acuity. At baseline 
the mean distance acuity was 0,1 9 (ranging from 0,1 to 0,5) and improved to 0,22 (ranging 
from 0,05 to 0,63) after 6 weeks and 0,26 (ranging from 0,06 to 1,0) after 1 year. 7% of 
the eyes showed an increase of more than 3 lines or 3 lines and 43% of less then 3 lines 
but more than 1 line. 29% remained unchanged and 21% had a decrease of distance 
acuity of more than 1 line but less than three lines. 

The mean reading acuity, tested with Jager Charts, was Jg 11,7 (ranging from Jg2 to 
no reading acuity = jg17) at baseline and jg 8,2 (ranging from jgl to jgl5) after 1 year 
(the result are presented in Table 2). There was an almost linear improvement of the mean 
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values of reading acuity in the year. The reading acuity increased in 71,4% (from 1 up 
to 10 levels), remained unchanged in 21,4% and decreased in 7,1%. 

The changes of central visual field can be best analyzed by following the mean defect 
changes.There was stabilization of the mean values of the mean defect rather than an 
improvement. The mean values of the mean defect were 14,65dB (from 4,2 dB to 
28,6dB) at baseline and 13,16 (from 5,3 to 23,8) after one year. There was an improve- 
ment of the central visual field in 71,4%. At baseline in 71,4% the size of the absolute 
and relative scotomas was within 5 degrees. In Fig. 1 a patient's greyscales and defect 
curves are presented. Although there was an Increase of the absolute scotoma there was 
an improvement of distance acuity and mean defect because of the decrease of the rel- 
ative scotoma and a shift of the scotoma to the right side due to eccentric fixation [1 5-1 7]. 

With OCT we see in Fig. 2 a superficial lying membrane in front of the pigment epithe- 
lium at baseline examination and a smaller and less prominent zone of higher reflectiv- 
ity after successful PDT (3 treatments) [18-20]. The retinal thickness decreased in this 
case from 344jim to 276pm, measured at corresponding locations near the membrane 
due to the decrease of retinal edema [21, 22]. The mean values of the retinal thickness 
near the membrane decreased from 335,86pm at baseline to 264,43pm after 1 year. 
78,6% of the eyes showed a decrease of retinal thickness. 

The mean values of the maximal potential of the B-wave in the multifocal ERG [23-26] 
increased from mean 1 03,25 nV/deg^ (from 64,7 to 178) at baseline to 112,9nV/deg^ (from 
64,5 to 254) after one year. 64,28% of the eyes showed an improvement of the mERG. 
There was a stabilisation of the maximal potential of the B-wave in the first 6 months, 
after this time the values increased. You see a patient's example in Eig. 3. In the Fluores- 
cein Angiography (FA) all membranes were classic without any occult parts. The greatest 
linear diameter of the lesion decreased from mean 2,4mm (ranging from 0,9 mm to 4,9 
mm) to 1,9 mm (ranging from 0,6 mm to 4,2 mm) after 6 weeks and 2,0 (ranging from 1,0 
mm to 3,8mm) after 12 months; the best results were measured after 6 weeks. In 71,4% 
there was a decrease of the greatest diameter of the lesion. In Fig. 4 we present the 
Angiograms of the patient: PN male, 73 years old, one single treatment. There is an 
obvious decrease of leakage visible especially in the late phase angiograms. 

In comparison with the VIP study, the mean age of our patients was higher (67,8 vs 
51 in the VIP study) the membranes larger (2500pm vs 1900pm in the VIP study) 85% 
of the membranes in the VIP study and 100% in our study were classic without any occult 
parts. The mean baseline distance acuity was 0,31 in the VIP study and 0,19 in our study 
(the distance acuity in VIP study was tested in 2 m distance). In the VIP study mean 3,4 
treatments were applied, and mean 2,4 treatments were applied to our patients. 

As far as distance acuity is concerned a moderate decrease (up to three lines) occurred 
in 25% in the VIP study and in 21% in our study, in 13% there was a decrease of more 
than 3 lines in the VIP study, but none of our patients lost more than 3 lines. 30% in the 
VIP study and 29% in our study remained unchanged. 26% of the patients in the VIP 
study showed an increase of less than 3 lines, the group with moderate increase was very 
large in our study (43%). Reading acuity an central visual field were not part of the study 
regimen of the VIP study. 



Conclusion 

Not only the distance acuity but also the reading acuity and central visual field could be 
improved in more than 70%. The greatest diameter of the lesion in the FA and the retinal 
thickness measured in the OCT could be reduced in more than 70%.The maximal 
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Fig. 2. Presents the OCTs of patient PB, female, 54 years old. The retinal thickness decreased in this case from 344)iim to 276|im measured at 
corresponding locations near the membrane due to the decrease of retinal edema. The distance acuity Increased from 0,5 at baseline to 1,0 after 

12 months, the reading acuity increased from Jg5 at baseline to Jgl after 1 year 
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Pre PDT 



6 weeks 
post PDT 




12 months 
post PDT 







Fig. 4. Presents the fluorescein angiograms of patient PN male, 73 years old. The distance acuity 
increased from 0,16 at baseline to 0,2 after 6 weeks and 0,5 after 12 months, the reading acuity 
increased from Jgl 6 to Jgl 2 and Jgl 0 after 1 2 months. The early phase angiograms show only slightly 
differences but there is obviously less leakage in the late phase angiograms after 6 weeks and 

12 months 
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potential of the B-wave could be improved in 62,3%- Although PDT is very effective in 
high myopic eyes most of theses patients remain visually impaired [27]. 

Here are some characteristics of our patients:! 00% classic membranes, the mean 
values of the greatest diameter of the lesion were rather small. The location of the mem- 
branes was more superficial than in AMD cases. In 70% the size of the absolute and 
relative scotoma were within 5 degrees (rather small). 35% of the patients were not yet 
60 years old. 
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Abstract 

Rheopheresis is a safe and effective modality of therapeutic apheresis to treat micro- 
circulatory disorders. Elimination of a defined spectrum of high molecular weight pro- 
teins from human plasma including pathophysiologically relevant risk factors for AMD 
such as fibrinogen, LDL-cholesterol, a2-macroglobulin, fibronectin, and von-Willebrand 
factor results in the reduction of blood and plasma viscosity as well as erythrocyte and 
thrombocyte aggregation. Pulses of lowering blood and plasma viscosity performed as 
series of Rheopheresis treatments lead to rapid changes of blood flow, with the potential 
induction of sustained improvement of microcirculation, and recovery of retinal function. 
Change of the activity of promotors of the natural course of AMD development and pro- 
gression might represent the mechanism of sustained improvement of microcirculation, 
i.e. recovery of retinal function. To evaluate safety and efficacy of Rheopheresis for the 
treatment of dry AMD with soft drusen in the MIRA-1 trial 150 patients are to be ran- 
domized in a 2:1 ratio to receive 8 Rheopheresis or 8 sham apheresis treatments over 
10 weeks and followed for one year. Investigational sites include 9 study centers and an 
additional reading center in the US. Qualified patients have dry AMD with multiple large 
soft drusen, VAC of 0.16-0.625, and for homogeneity of patient groups defined serum 
levels of selected high-molecular weight plasma proteins. The interim analysis included 
43 subjects. In primary eyes the mean ETDRS-line difference at 12 months post baseline 
between treated and control group was 1.6 lines (p = 0.0011, repeated measures analy- 
sis). The difference was significant throughout the first post-treatment year. Subgroup 
analysis indicated that eyes with baseline VAC worse than 20/40 derived the greatest treat- 
ment benefit at one year with mean difference of 3.0 ETDRS-lines compared to placebo 
(p = 0.001). No severe treatment related adverse events occurred. In conclusion the 
interim analysis of the MIRA-1 trial demonstrated statistically significant and clinically 
relevant effects of Rheopheresis on VAC when compared to placebo controls for the 
12-month study interval. The framework of completed and still ongoing controlled 
clinical trials in combination with post certification studies including the RheoNet- 
registry represents a comprehensive quality management approach for this novel 
interdisciplinary therapy for AMD. A hypothesis based upon current knowledge of path- 
ogenic mechanisms of the development and progression of AMD can be conclusively 
linked with the putative mechanism of action of Rheopheresis for AMD. A recommen- 
dation for high-risk AMD-patients was defined. Based on the positive results of the MIRA- 
1 interim analysis 8 Rheopheresis treatments are currently recommended as the initial 
treatment series. 



Introduction 

Age-related macular degeneration (AMD) is the leading cause of severe, irreversible loss 
of vision and legal blindness in people older than 65 years in the Western world. In 
Germany in the year 2000 absolute prevalence of patients between 43 and 86 years with 
findings of wet AMD was about 430.000, the equivalent prevalence of legally blind AMD 
patients was about 20.000, accounting for 15-32% of all cases of blindness in Germany 
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[1 ]. In AMD, progressive damage to the macula results in loss of central vision and affects 
a person's ability to read, recognize faces, or drive. AMD can be classified into early and 
late stages, and occurs in two forms: the non-exudative form (dry AMD) and the exudative 
form (wet AMD). Clinical manifestations appear as drusen, atrophy of the retinal pigment 
epithelium (RPE) and choriocapillaris, i.e. dry AMD. RPE detachment, and choroidal neo- 
vascularizations (CNV) are characteristic for wet AMD. Patients with wet AMD account for 
about 25% of total AMD patients [2]. About 80% of severe vision loss caused by AMD is 
due to the wet form. Patients with only drusen In one or both eyes typically do not have 
much loss of vision, but they have an increased risk for progression to the late form of the 
disease and resultant loss of visual acuity (VAC) [3]. Risk factors for that development 
include number, size and confluence of drusen and abnormal pigmental clumping [3, 4]. 
Patients with bilateral soft drusen have a 12.4% risk to develop exudative AMD within 10 
years [5]. Patients with exudative AMD in one eye and soft drusen In the fellow eye repre- 
sent a high-risk group to become legally blind [4]. In summary large numbers of hard 
drusen predict the incidence of soft drusen and pigmentary abnormalities and that the 
presence of the latter lesions significantly increases the risk for the development of geo- 
graphic atrophy and exudative macular degeneration [6]. 



Pathogenic mechanisms of AMD - putative links to therapeutic 

apheresis 

The pathogenesis of AMD is not yet fully understood, but a hypothetical sequence of path- 
ogenic events is consistent with known data. Models for AMD pathogenesis include RPE 
and Bruch's membrane senescence, genetic defects, oxidative insults, ocular perfusion 
abnormalities, and local Inflammatory processes [2, 7]. Also functional deterioration of 
astrocytes in the outer retina have to be discussed as a consequence of changes in retinal 
microcirculation [8]. Cholesterol, fibrinogen, and a2-macroglobulln have been estab- 
lished as risk factors for AMD in epidemiological studies [9, 1 0, 1 1 ]. In a controlled cross 
sectional study patients with dry and wet AMD showed significantly elevated mean levels 
of vascular endothelial growth factor (VEGF, p = 0.01 9), plasma viscosity (p < 0.001 ), fib- 
rinogen (p < 0.001), and von-Willebrand factor (vWF, p < 0.001) compared to healthy 
controls [12]. These results confirm an association between markers of angiogenesis 
(VEGF), hemorheology (fibrinogen, plasma viscosity), and endothelial dysfunction (vWF) 
with the pathogenesis of AMD. Molecules associated with local inflammatory processes 
like IgG, IgA, IgE, Clq, C3 were abundantly detected in subretinal membranes [13]. 

In the vascular model of Friedman it is hypothesized that lipid deposition In sclera 
and Bruch's membrane, a stratified extracellular matrix situated between the RPE and 
choriocapillaris, leads to scleral stiffening and impaired choroidal perfusion, which in turn 
could adversely affect metabolic transport function of the RPE [14]. The impaired RPE 
cannot metabolize and transport material shed from the photoreceptors, leading to accu- 
mulation of metabolic debris and drusen. This pathogenic model is in accordance with 
a huge body of findings demonstrated by fluorescein and indocyanine green angiographic 
methods, laser Doppler flowmetry, and color Doppler imaging [2]. Both choroidal blood 
flow and choroidal blood volume were about 29% lower in subjects aged 46-76 years 
compared to subjects aged 15^45 years probably related to a decrease in density and 
diameter of the choriocapillaris with increasing age [15, 16]. In patients with dry AMD 
and large soft drusen choroidal blood flow and choroidal blood volume were again 37%, 
33% respectively lower then in age-matched control subjects. The presence of tissue 
ischemia and hypoxia in dry AMD may trigger the development of angiogenesis with pro- 
gression to wet AMD (Fig. 1) [15, 16]. In patients with bilateral AMD pulsatile ocular 
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Fig.l. The effect of aging and AMD on retinal blood flow. The figure shows relative choroidal blood 
flow (ChB Flow) and volume (ChB Vol) in arbitrary units (AU) in control subjects aged 15-45 years, 
55-76 years respectively and AMD patients (56-84 years). Both ChB Flow and ChB Vol were about 
29% lower in subjects aged 46-76 years compared to subjects aged 15-45 years. In patients with 
dry AMD and large soft drusen ChB Flow and ChB Vol were again 37%, 33% respectively lower 
then in age-matched control subjects [modified from 15, 16] 



blood flow in eyes with drusen was lower than their fellow eyes with neovascular lesions 
[1 7]. These results confirm the clinical risk assessment of soft drusen mentioned above. 

Cellular functions of RPE depend upon oxygen concentration [18]. Phagocytosis is a 
major function of RPE cells and is essential to maintain homeostasis of the micro- 
environment in the eye. Blood flow can have a direct functional relationship with tissue 
cells via shear stress. Decreased blood flow could result in decreased RPE phagocytosis 
by Insufficient tissue oxygenation, and reduced induction of TGF-S in the vessel wall via 
reduced shear stress [18, 19, 20]. The senescent RPE accumulates metabolic debris as 
remnants of incomplete degradation from phagocytosed rod and cone membranes. Pro- 
gressive engorgement of these RPE cells leads to drusen formation with subsequent pro- 
gressive dysfunction of the remaining RPE. With aging the capacity of Bruch's membrane 
to facilitate macromolecular exchange between the choroidal and the RPE compartments 
becomes reduced, representing an important aspect of retinal microcirculation [21, 22]. 
Bruch's membrane thickened with drusen then could facilitate the development of CNV 
[ 2 ]. 

The macular region including the fovea is an avascular zone, much thinner than the 
rest of the retina, and receives nourishment by diffusion from the surrounding vascula- 
ture and choriocapillaris. Diffusional transport capacities across the Bruch's-choroid 
complex decline with aging [23]. Angiogenic and antiangiogenic factors in the retina 
coordinate vascular flow and regeneration with the corresponding metabolic require- 
ments of the retina. Most important are vascular endothelial growth factor (VEGF) and 
pigment epithelium derived factor (PEDF), both regulated by tissue oxygenation [22]. 
Expression of VEGF is induced by hypoxia, thus promoting neovascularization, PEDF is 
induced by increase of oxygen, thus inhibiting neovascularization. 

The integrity of the vessel wall under quiescent conditions as well as its appropriate 
responsiveness under conditions of stimulation, inflammation or vascular injury is con- 
trolled by a number of adhesive interactions. Two major adhesive proteins relevant for 
haemostatic mechanisms co-localized in the extracellular matrix (ECM) of the vessel wall 
have to be mentioned: von Willebrand factor and vitronectin [24]. By immunohisto- 
chemistry and RT-PCR analysis it was shown that vitronectin is a major constituent of 
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human drusen, and that it is expressed by local RPE cells [7]. More common ECM com- 
ponents such as laminin, fibronectin, collagens, and proteoglycans were not detected, 
indicating, that drusen-associated vitronectin is the result of selective accumulation. Vit- 
ronectin is present in high concentrations in plasma and is also common in ECM. Func- 
tionally it is related to processes of thrombosis, fibrinolysis, inflammation, and cellular 
adhesion. Self-association of vitronectin results in the formation of multimeric species of 
the protein [25]. The balance between monomeric and multimeric forms of vitronectin is 
important for pathophysiologically relevant changes of ECM sites and fibrinolytic state in 
plasma [26]. The binding and deposition of vitronectin to Bruch's membrane could com- 
promise the exchange of metabolites between the choriocapillaris and the RPE, eventu- 
ally leading to RPE and photoreceptor cell dysfunction and degeneration. RPE cells or 
byproducts of abnormal RPE and/or photoreceptor cell metabolism could serve as nucle- 
ation sites for the deposition for proteins such as vitronectin. In a mouse model a vit- 
ronectin receptor antagonist could reduce neovascularization in dose-dependent fashion, 
indicating that vitronectin deposition might be finally a contributing factor of neovascu- 
larization [27]. Recent studies implicate inflammation and complement mediated attack 
as early events in drusen biogenesis. It is likely that RPE cell debris entrapped between 
the RPE monolayer and Bruch's membrane serves as a chronic inflammatory stimulus 
and a potential nucleation site for drusen formation [7, 28]. Thus, the process of drusen 
biogenesis may be envisaged as a secondary manifestation of primary RPE pathology that 
is exacerbated by consequences of local inflammatory processes. 

Therapeutic options for AMD 

In the majority of AMD patients the therapeutic situation is very unsatisfactory, especially 
for patients with dry AMD [2, 3]. High-dose supplementation with vitamins C and E, beta 
carotene, and zinc was recently shown to have some benefit after a 5 year follow-up [29]. 
Even not all patients with wet AMD are eligible for the following treatment options tar- 
geting the different forms of CNV: laser therapy including standard laser photocoagula- 
tion, transpupillary thermotherapy (TTT), and photodynamic therapy (PDT), external beam 
irradiation, and surgical procedures like removal of neovascular membranes or macular 
rotation. 42% of patients after treatment with PDT showed a letter score loss in the study 
eye of at least 15 from baseline at the 3 year examination [30]. Laser photocoagulation 
and TTT are currently tested for dry AMD. However, reports on the occurrence of 
increased incidence of neovascular lesions after laser photocoagulation or TTT could Indi- 
cate that both approaches might turn out to be unfavourable for the subsequent course 
of AMD [31, 32, 33, 34]. From a pathophysiological point of view, regarding angiogenic 
growth factors both treatment modalities seem to Induce VEGF rather than PEDF. In con- 
clusion from the current situation, successful therapy for more subgroups of patients with 
AMD is urgently needed. 



Rheopheresis 

Rheopheresis is a safe and effective application of membrane differential filtration 
(MDF) which was specifically designed) for extracorporeal hemorheotherapy (Fig. 2a,b) 
[35]. The elimination of an exactly defined spectrum of high-molecular weight pro- 
teins including fibrinogen, a2-macroglobulin, LDL-cholesterol, fibronectin, and von- 
Willebrand-factor results in the reduction of blood and plasma viscosity, erythrocyte and 
thrombocyte aggregation, and improves erythrocyte flexibility. Pulses of lowering blood 
and plasma viscosity lead to rapid changes of blood flow, subsequently inducing sus- 
tained improvement of microcirculation, which in the eye means recovery of retinal func- 
tion. In this context microcirculation stands for the complete interactive network between 
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a b 

Fig. 2. The principle of Rheopheresis (membrane differential filtration with the specifically designed 
Rheofllter) in a schematic drawing (a) and treatment of an AMD patient in a modern apheresis 

center (b) are shown 





Baseline after 7 treatments 

Wagner Grade 2 Wagner Grade 1 




week 24 

Follow up 
Wagner Grade 0 



Fig. 3. Rheopheresis accelerated wound healing of foot ulcers of ischemic diabetic foot syndrome 
and was associated with an improvement of Wagner stage and a pronounced increase in tcp02. 
Values of tcp02 remained stable and enhanced for the 3 months follow-up period 

[modified from 36] 



retinal pigment epithelium, choriocapillaris, extracellular matrix, and blood components. 
In a pilot trial with 8 patients Rheopheresis accelerated wound healing of foot ulcers of 
ischemic diabetic foot syndrome and was associated with an improvement of Wagner 
stage and a pronounced increase in tcp02 (Fig. 3) [36]. Values of tcp02 remained stable 
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Fig. 4. Schedules for the initial treatment series of Rheopheresis for AMD investigated in clinical 
trials: First experiences at the University of Cologne were made with two treatments within 1 week. 
MAC-1 is the controlled trial at the University of Cologne, Germany [38], Utah-trial was conducted 
at the University of Salt Lake City, USA, MAC-11 at the University of Frankfurt, Germany, and 
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and enhanced for the 3 months follow-up period. As an adjunct therapeutic option 
Rheopheresis may preserve a functional lower extremity, delay amputation or reduce the 
extent of amputation. Values of tcp02 were still above baseline levels at the 3-month 
follow-up examination, suggesting a sustained, beneficial effect on tissue oxygenation, 
which is closely related to tissue function. The achievement of clinically relevant wound 
healing in 4 out of 8 patients was encouraging. In another pilot trial in patients with 
diabetic retinopathy, visual function was reported to improve after a series of MDF- 
treatments [37]. 



Rheopheresis for AMD - clinical trials 

Two prospective, controlled, and randomized clinical trials for the treatment of AMD 
patients with Rheopheresis have been completed, two are ongoing with modified treat- 
ment schedules (Fig. 4) [38, 39]. In the study of the University of Cologne 40 patients 
were included. 20 patients received 10 Rheopheresis treatments over a period of 21 
weeks. The control group was followed without treatment. Eyes of patients in the therapy 
and control group both showed CNV in 9/20 eyes, and soft drusen in 1 1/20 eyes. Com- 
paring initial and final VAC in Rheopheresis and control patients a mean difference of 1 .6 
EDTRS lines was detected after the treatment series, which was statistically significant 
with p < 0.01 [38]. Patients with soft drusen and no CNV had the best therapy results. 
Electrophysiologic Investigation of the retina showed significant improvement of photopic 
a-wave and the flicker electroreti nogram, equivalent to functional improvement of the 
central photoreceptor complex. Improvement of the pulsatile ocular blood flow and short- 
ening of the arteriovenous passage time in patients with AMD after Rheopheresis treat- 
ments was demonstrated earlier (Fig. 5) [40, 41]. 

30 patients with dry AMD and soft drusen were included in a three-armed, sham- 
controlled, randomized clinical trial conducted at the University of Utah, Salt Lake City. 
With 10 Rheopheresis treatments 40% of patients showed improvement in at least 3 out 
of the following 4 parameters to assess visual function: >2.5 ETDRS lines best spectacle 
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Fig. 5. Parameters which were investigated in clinical trials and demonstrated the positive effect of 
Rheopheresis in AMD patients: (a) mean change of visual acuity (ETDRS-lines) over time, 
(b) increase of pulsatile ocular blood flow, (c) decrease of arteriovenous passage time, (d) electro- 
physiological parameters of retinal function, i.e. photopic a-wave and 30 Hz flicker ERG 

[modified from 38, 40, 41] 



corrected visual acuity (BCVAC) in the study eye, >2.5 ETDRS lines in the partner eye, 
20% improvement of reading ability in the Pepper visual skills for reading test, and 20% 
improvement of quality of life tested by the VF14 [39]. In a case series Including 1 0 AMD 
patients with high-risk AMD and softdrusen Improvement of visual acuity essentially Iden- 
tical to the Cologne trial could be confirmed [42]. In fluorescein angiography reduction 
of soft drusen in number and size was associated with improvement of VAC. However, 
morphological changes in the retina are not well correlated with VAC also in the natural 
course of AMD, and should be not considered as the treatment goal [43]. 

The MIRA-1 interim analysis 

MIRA-l is a 12-months randomized, prospective, multi-center, double-masked, placebo- 
controlled, FDA clinical trial designed to compare Rheopheresis treatment against 
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Fig. 5. Continued 



placebo-control treatment in 150 patients with intermediate to late-stage (AREDS Grade 
3 to 4, BCVA between 20/32 and 20/125 inclusive), high-risk (>10 large soft drusen), dry 
AMD who also demonstrated defined serum levels of select hemorheologic macromole- 
cules in their blood to achieve optimal homogeneity of the study groups. The complete 
list of inclusion criteria is shown in Table 1 . Patients are to be randomized in a 2 : 1 ratio 
to receive 8 Rheopheresis or 8 sham-apheresis treatments over 10 weeks and followed 
for one year. It is important to note that patients in both the Rheopheresis treatment group 
as well as the placebo-control group of the current trial were both provided with the same 
daily vitamin supplementation formula, and they were prohibited from using other 
vitamin supplements so that differential supplementation use would not be a confound- 
ing variable. The MIRA-1 protocol provided for daily oral intake of the following: vitamin 
C 400 mg (four-times RDA), 200 lU of vitamin E (6 times RDA), 40 mg zinc (2.5 times 
RDA), and 3000 lU of beta carotene (1.8 times RDA). Although these levels were con- 
sidered suprathreshold at the time of the initiation of the trial, they represent only about 
half of those levels used in the AREDS study. 
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Table 1. Inclusion and exclusion criteria of the MIRA-1 trial 



Inclusion Criteria: 

Patients of any race between the ages of 50 and 85 years inclusive. 

Patients must weigh >/=1 10 lbs (50 kg). 

Study eye must have a diagnosis of non-exudative "dry" ARMD with soft, semi soft, and or 
confluent drusen with an equivalent surface area of approximately 31,000 micron^. 

Study eye must have a best-corrected visual acuity using the ETDRS chart between 20/32 and 
20/125 inclusive. 

Geographic atrophy is allowed as long as it is less than 3 disc diameters within 3000 nm of the 
fovea 1 center. 

Serous pigment epithelial detachment is allowed as long as no clearly identifiable 
neovascularization is present. (No such patient was included in the interim analysis) 

Patients must have elevated baseline concentrations of 2 of the following 3 rheologic factors: 
a total serum cholesterol level of > 200mg/dl, a fibrinogen level of > 300mg/dl, or a serum 
immunoglobulin A (IGA) level > 200mg/dl, as determined at the qualifying evaluation. 

Patients must have a score of no more than 75 on the VFQ-25 Visual Functioning Questionnaire. 

Study eye must not have conditions that limit the view of the fundus. 

Patients must have normal prothombin (PT) and prothomboplastin (PTT) clotting times with the 
exception of patients who are stable on long-term coumadin. 

Patients must have adequate bilateral antecubital venous access. 

Patient taking lipid-lowering medication at the beginning of the treatment phase must agree to 
continue to take them throughout the treatment phase using their current regimen. 

Patients must be available for minimum study duration of approximately 12 months. 

Patients must be highly motivated, alert, oriented, mentally competent and able to understand 
and comply with the requirements of the study. 

Patients must agree to discontinue their previous vitamin regimen and to substitute their regimen 
with a uniform supplement regiment provided by the study, OcularRx (Science-Based Health, 
Corde Madera, CA). This was done to ensure that every patient in the study ingested the same 
supplement regimen. 

Exclusion criteria: 

Study eye with concomitant retinal or choroidal disorder other than AMD. 

Study eye with significant central lens opacities. 

Study eye with a diagnosis of exudative "wet" AMD. 

Study eye with other ocular diseases. 

Patients who are in poor general health. 

Patients with a hematocrit <35%, evidence of active bleeding or a platelet count <1 00,000 k/ul. 

Patients with significant cardiac problems. 

Patients with uncontrolled hypertension. 

Patients with recent history of cerebral vascular disease. 

Patients with severe hepatic failure, or uncontrolled diabetes. 

Patients with a history of HIV infection, AIDS, hepatitis or other immunosuppressive disorders. 

Patients who are allergic to fluorescein sodium and to indocyanine green 

Patients unwilling to adhere to visit or examination schedules. 

Patients with a known history of alcoholism, drug abuse, or any other condition that would limit 
validity of consent. 



In the interim-analysis repeated measures analysis of the initial goup of 43 random- 
ized, intent-to-treat patients (28 Rheopheresis treatment and 15 placebo-control patients) 
with preangiogenic dry AMD after a follow-up period of 12 months (n = 36) was per- 
formed. The MIRA-1 study had a double masking procedure. All patients were covered 
with an opaque shroud from the neck down prior to initiating each treatment in order to 
mask them from observing their treatment. Additionally, their arms were covered with 
drapes throughout the process. A partition was positioned in front of the blood pump and 
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plasma therapy system so that the patient could not view the system. The pump was 
activated regardless of treatment arm assignment so that in each case the patient heard 
the background noise of the powered machine. Subjects randomized to the Placebo arm 
of the Study received masked needle sticks in both arms without connection to the tubing 
circuit. Placebo patients then underwent a 2-hour charade - complete with frequent 
machine alarms and IV positioning checks. Ophthalmologic investigators were masked 
since treatments were performed at separate locations and the treatment personnel were 
prohibited from discussing treatment arm assignments with the ophthalmic investigators, 
neither did the physicians have access to the study treatment envelope, treatment forms 
or the randomization log, which were locked In separate areas. 

The primary efficacy endpoint for the Study and this interim analysis was prospectively 
identified as the comparison of mean change in LogMAR BCVA in the designated primary 
(study) eyes cohort comparing the Rheopheresis treatment group with the placebo-control 
group. Secondary efficacy outcomes included proportions of eyes with >2 lines (1 0 letters) 
or >3-line (15 letters) loss or gain of best-corrected ETDRS acuity. In addition, the pro- 
portion of cases with baseline ETDRS BCVA worse than 20/40 that achieved 20/40 or 
better acuity post-treatment, was also determined because of the functional significance 
of 20/40 vision as a legal threshold criterion for maintaining a valid driver's license. The 
study's endpoints, i.e. mean changes in ETDRS (LogMAR) visual acuity from baseline to 
the available post-treatment Interval visits, were compared using 2-group ANOVA with 
repeated measures analysis with unstructured covariance using SAS/STAT Software. Both 
the group effect (treatment vs. placebo efficacy) and time effect (determines if LogMAR 
acuity changes observed between Rheopheresis treatment and placebo-control change or 
are constant during the course of the study) were tested. 

The baseline characteristics of the Rheopheresis treatment and placebo-control groups 
with regard to age, gender, and mean baseline LogMAR acuity were not significantly dif- 
ferent in the Rheopheresis treatment and placebo-control groups. The mean visual acuity 
was 20/47 for the Rheopheresis treated group and 20/49 for the placebo-control group 
(p = 0.81). With the exception of baseline serum uric acid level, which was significantly 
higher in the Rheopheresis treatment group than in the placebo-control group (5.24mg/dl 
treatment vs. 4.26mg/dl placebo, p = 0.01), there were no significant differences at base- 
line between the Rheopheresis treatment and placebo-control groups in any other of the 
62 blood parameters tested. Nine mean baseline laboratory values were elevated in both 
the Rheopheresis treatment and placebo-control group (i.e. fibrinogen, international nor- 
malization ratio (INR), prothrombin time (PT), serum intra-cellular adhesion molecule-1 
(slCAM-1), total cholesterol, VLDL cholesterol, LDL cholesterol, serum osmolality and 
whole blood viscosity). No severe treatment related adverse events occurred. In the 
primary eye cohort, the 12-month post-baseline mean LogMAR line difference between 
Rheopheresis treatment and placebo-control groups was 1.6 lines (group effect p = 
0.0011) (Fig. 6a). The time effect was not significant (p = 0.2560), indicating a "thera- 
peutic plateau" i.e. there was no significant change in the therapeutic benefit of the Rheo- 
pheresis treatment group relative to the placebo-control group over the 12-month course 
of the trial. Similar findings were consistently observed in both the all qualifying eyes 
cohort (p = 0.0053 and p = 0.2570), and the all eyes cohort (p = 0.002 and p = 0.4093) 
as well. The Rheopheresis treatment group consistently had a greater proportion of cases 
with line improvements at each post-baseline interval, compared against the placebo- 
control group regardless of which threshold criterion (>1.5 lines, >2 lines, >2.5 lines or 
>3 lines) for BCVA improvement was used (Fig. 7a). At 9 and 12 months post-baseline, 
12% to 13% of the Rheopheresis treatment eyes had a >3-line improvement in BCVA 
respectively, compared to 0% and 0% of the eyes in the Placebo-Control group. Simi- 
larly, the Rheopheresis treatment group consistently had a smaller proportion of cases 
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Fig. 6. Interim-results of the controlled, randomized MlRA-1 US multicenter trial evaluating the 
efficacy of Rheopheresis for the treatment of dry AMD with soft drusen. Mean change in visual 
acuity (No. of ETDRS-lines) from baseline to the examination at each specified time is depicted. 
The treatment group received 8 Rheopheresis treatments, the control group received a placebo sham 
apheresis. Repeated measures Interim analysis including 43 patients showed a statistically signifi- 
cant difference between both groups at the 12 months follow-up. (a) Results of all primary study 
eyes, (b) results of primary study eyes with BCVAC worse than 20/40 



with BCVA line losses at each post-baseline interval compared with the placebo-control 
group (Fig. 8a). At 1 2 months post-baseline, only 4.0% of the Rheopheresis treatment eyes 
had a >3-line loss of BCVA compared to 1 8.2% of the eyes in the placebo-control group. 

In the subset of patients with baseline LogMAR BCVA of worse than 20/40, the mean 
12-month post-baseline LogMAR line difference between Rheopheresis treatment and 
placebo-control groups was 3.0 lines (15 letters) (Fig. 6b). The group effect demonstrated 
a p-value of 0.0014 and the time effect was again not significant (p = 0.2928), indicat- 
ing that there was no significant change in therapeutic effect of the Rheopheresis treat- 
ment group relative to the placebo-control group over the 12-month course of the trial. 
The mean line difference between the two groups tends to increase over time largely due 
to progressive loss of BCVA in the placebo-control eyes, while the improvement in BCVA 
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>3.0 lines {ETDRS) improvement in BCVA 
related to post-baseiine intervais in primary 
study eyes with baseline BCVA worse 20M0 




Rheopheresis ■ Sham-Apheresis 



Fig. 7. Interim-results of the controlled, randomized MIRA-1 US multicenter trial evaluating the 
efficacy of Rheopheresis for the treatment of dry AMD with soft drusen. Improvement of >3.0 lines 
ETDRS in BCVA related to post-baseline intervals is shown, (a) Results of all primary study eyes, 
(b) results of primary study eyes with BCVAC worse than 20/40 



in the Rheopheresis treated eyes remained essentially constant. Again, the group effect 
and time effect outcomes were consistent in both the all-qualifying eyes (p = 0.0122 and 
p = 0.2747) and the all eyes (p = 0.0050 and p = 0.3565) cohorts as well. In the subset 
of cases with baseline LogMAR BCVA worse than 20/40, the Rheopheresis treatment 
group consistently had a greater proportion of cases with ETDRS line improvements at 
each post-baseline visit compared to the placebo-control group (Fig. 7b). In fact, none of 
the placebo-control cases had a >3-line improvement in vision at any post-baseline inter- 
val, compared to 18.8%, and 15.8% of the Rheopheresis Treatment patients achieving 
this level of improvement at 9 months and 12 months post-baseline respectively. With 
respect to vision loss, the Rheopheresis treatment subgroup consistently had a smaller 
proportion of cases with ETDRS line losses at each post-baseline interval compared to the 
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Fig. 8. Interim-results of the controlled, randomized MIRA-1 US multicenter trial evaluating the 
efficacy of Rheopheresis for the treatment of dry AMD with soft drusen. Loss of >3.0 lines ETDRS 
in BCVA related to post-baseline intervals is shown, (a) Results of all primary study eyes, (b) results 
of primary study eyes with BCVAC worse than 20/40 

placebo-control group (Fig. 8b). At 12 months post-baseline, only 5.3% of Rheopheresis 
treated cases demonstrated a >3-line loss of BCVA compared to 28.6% of placebo-control 
patients. In the subgroup of Rheopheresis treated eyes with baseline LogMAR acuity worse 
than 20/40, 57.9% improved to 20/40 or better at the 12-month post-baseline interval 
compared to only 14.3% of the placebo-control group. The proportions of cases demon- 
strating visual improvements or losses were similar in the all qualifying eyes and the all 
eyes cohorts. 



Clinical data from German Rheopheresis Competence Centers 

In a recent reference controlled RheoNet-registry analysis 27 eyes with dry AMD and soft 
drusen of 18 Patients were evaluated after completion of the initial treatment series in 



Rheopheresis for AMD 



163 



clinical practice. The initial BCVAC was 0.1 -0.8. Patients were treated based on oph- 
thalmological findings only, there was no selection by plasma parameters. In total 160 
Rheopheresis treatments were performed In cooperation with 5 Rheopheresis competence 
centers. BCVAC was assessed with ETDRS-charts at baseline and after the treatment series. 
Patients received in mean 8.8 treatments within 18.3 weeks. Rheopheresis was safe and 
well tolerated. Compared to baseline ETDRS BCVAC 37% of eyes had a >2-line, 44% a 
1-line improvement. 15% of patients did not change in VAC, 4% had a 1-line, 0% a >2- 
line loss. The mean change in VAC was 1 .26 ETDRS-lines. In comparison, interim results 
of the MIRA-1 study revealed 3 months post baseline in 28.6% of treated eyes an improve- 
ment of >2-lines compared to only 6.7% of the eyes in the placebo group. The mean line 
change was 1 .2 at that time. This reference controlled registry analysis is in good accor- 
dance with the results of 3 controlled clinical trials and demonstrates the potential of 
Rheopheresis as a novel treatment for patients with dry AMD and soft drusen (Fig. 8). 
From the University of Cologne results of 20 patients were reported after long-term treat- 
ment, demonstrating that the therapeutic effect of the initial treatment series can be main- 
tained upto 4 years [44]. Eyes suffering from dry AMD had a mean improvement of visual 
acuity of 1 .9 EDTRS lines after 24 months, 1 .2 lines after 36 months, and 0.8 lines after 
48 months. After a mean period of 12 months follow-up 2-4 booster treatments could be 
considered depending upon the individual course [44]. However, these long-term results 
must be confirmed with larger patient numbers. In summary these data are already appro- 
priate to fulfill class I - requirements of the categories of evidence-based-medicine. 

Quality management and safety Issues: the RheoNet-registry 

As the backbone of quality management the RheoNet-registry was established collecting 
Rheopheresis safety and efficacy parameters. All methods of extracorporeal blood purifi- 
cation can potentially cause adverse reactions and side effects, which all are well known 
due to the huge worldwide experience with hemodialysis, plasma exchange, immunoad- 
sorption, and LDL-apheresis. Hypotension, allergic reactions due to blood membrane 
interactions, hemolysis, or events associated with anticoagulation have to be mentioned. 
Anticoagulation for Rheopheresis can be performed with standard and low molecular 
weight heparin or citric acid. Safety of MDF was analyzed including data from 1702 
ambulatory MDF-LDL-apheresis treatments of 52 patients [45]. In 98% of MDF-treatments 
no adverse reactions occurred. In 2% hypotensive episodes were observed, no severe 
adverse events occurred [45]. It must be emphasized that patients with the indication of 
LDL-apheresis mostly suffer from symptomatic coronary artery disease, often with the 
history of myocardial infarction and cardiovascular surgery. Therefore these patients have 
a significantly higher risk profile for an extracorporeal treatment, than the average AMD 
patient. In a trial of Rheopheresis in 10 patients with acute ischemic stroke also no severe 
adverse events were reported [46]. In the controlled trial of the University of Cologne 20 
patients with a mean age of 72 years received a total of 200 Rheopheresis treatments 
[38]. Hypotension was observed in 6%, hemolysis in 2.5% of treatments. A current 
RheoNet-registry analysis was performed in December 2002 on the basis of 2021 Rheo- 
pheresis treatments in 322 patients, including 207 patients with AMD. Mean age was 66 
years (72 years for AMD patients), Table 2. All adverse events (AE) or side effects, which 
were caused or associated with Rheopheresis treatments were registered as reported 
by the German Rheopheresis competence centers. AE were catagorized as "reported" 
(AE-r), or as subgroup "reported and with the need of intervention, temporary break or 
discontinuation of the treatments" (AE-rl). In 4.65% of treatments AE were reported, but 
only in 1.19% AE needed intervention, temporary break or discontinuation of the treat- 
ment. With 0.89% transient hypotension was the most frequent AE of category AE-rl, 




164 



R. Klingel 



Table 2. RheoNet-registry report on adverse events and vascular access problems of 2021 Rheo- 
pheresis treatments performed before December 2, 2002 in German Rheopheresis competence 
centers including 322 patients with a mean age of 66 years (207 AMD patients, mean age 72 years) 





Total reported adverse 
events/side effects (AE-r) 


Reported adverse events/ 
side effects with need of 
intervention, temporary 
break or discontinuation 
(AE-rl) 


absolute number 


% 


absolute number 


% 


Hypotension 


42 


2.08 


18 


0.89 


Hematoma/bleeding 


16 


0.79 


0 


0.00 


Edema 


2 


0.10 


0 


0.00 


Dizziness 


12 


0.59 


0 


0.00 


Eye flickering 


2 


0.10 


0 


0.00 


Traces of blood in plasma 


4 


0.20 


3 


0.15 


circuit/suspicion of 










hemolysis (asymptomatic) 










Chilling 


11 


0.54 


1 


0.05 


Fever 


1 


0.05 


1 


0.05 


Leukocytosis 


1 


0.05 


0 


0.00 


Retinal bleeding 


1 


0.05 


0 


0.00 


Headache 


1 


0.05 


0 


0.00 


Severe intolerability/ 


1 


0.05 


1 


0.05 


tetany like symptoms 










Total 


94 


4.65 


24 


1.19 




Total reported vascular 
access problems of 2021 
Rheopheresis treatments 


Reported vascular access 
problems with need of 
intervention, temporary 
break or discontinuation 


Vascular access problems 
(puncture or flow) 


146 


7.22 


29 


1.43 



followed by 0.15% of treatments with detection of traces of blood in the plasma circuit. 
Hypotension could be controlled in all cases by infusion of saline. No clinical signs of 
hemolysis were observed. AMD in general has an increased risk of retinal hemorrhage. 
Only one case of retinal bleeding was reported in an AMD patient 1 day after a Rheo- 
pheresis treatment, which caused no irreversible visual impairment. To minimize the 
bleeding risk citric acid anticoagulation could be used alternative to heparin. Problems 
with the vascular access (puncture or flow) were reported in 7.22% of treatments, only 
1 .43% were category AE-rl. Only 1 severe AE-rl (0.05%) was reported in a female patient 
with sudden deafness, who presented clinical signs equivalent to a severe tetanic reac- 
tion, which completely resolved within 24 hours after Rheopheresis. Based on interdis- 
ciplinary cooperation between ophthalmologists and nephrologists Rheopheresis can be 
regarded as a very safe ambulatory treatment for elderly patients with AMD. 



Rheopheresis for AMD - mechanism of action 

Extracorporeal plasma therapy was not yet used in ophthalmology and therefore requires 
explanation not only with respect to methodology, but also regarding the mechanism of 
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action. As explained before AMD at cellular and molecular levels is at least in part a 
microcirculatory disorder of the retina. Therefore it seems to be reasonable to use Rheo- 
pheresis, which can successfully treat diseases with impaired microcirculation [35]. It is 
important for the understanding of the therapeutic potential of Rheopheresis, that the 
single pulses of plasma protein elimination with associated reduction of plasma viscos- 
ity can result in sustained improvements of microcirculation. This of course is a hypoth- 
esis, but it is confirmed by available clinical data for AMD, ischemic diabetic foot 
syndrome, and fibrinogen/LDL-apheresis for sudden deafness [36, 38, 47]. Rheopheresis 
directly targets risk factors and pathophysiologically relevant factors of AMD by lowering 
plasma viscosity, and eliminating fibrinogen, cholesterol, von-Willebrand factor, a2- 
macroglobulin, and probably multimeric vitronectin. However, these plasma parameters 
should be regarded as epidemiological risk factors, and not predictive for the individual 
therapeutic response. A functional reserve exists in the retina affected by AMD, which is 
determined by the individual pattern of reversible and irreversible morphologic changes 
of the retina. AMD spontaneously has a chronic progressive course. Irreversible functional 
and morphologic changes increase over time. The capacity of the individual functional 
reserve cannot be assessed by any diagnostic procedure. Goal of the Rheopheresis treat- 
ment is to restore and activate or stabilize the functional reserve of the retina. The regen- 
erative potential of retinal pigment epithelium is well documented in vitro as well as in 
vivo. But as visual function in general the regenerative potential is highly depending upon 
microenvironmental conditions, i.e. the degree of morphologic retinal changes and the 
microcirculatory impairment at cellular and molecular levels. RPE phagocytic function is 
regulated by tissue oxygen concentration [1 9]. Rheopheresis treatment results in sustained 
improvement of tissue oxygenation induced by the repeated therapy pulses, as recently 
confirmed in a pilot trial in patients with ischemic diabetic foot syndrome [36]. In AMD 
Rheopheresis could improve RPE phagocytic function directly by the increase of tissue 
oxygenation, and additionally via shear stress mediated induction ofTGF-B [18, 19, 20]. 
One of the latest pathogenic pathways described in AMD is the equilibrium shift between 
the angiogenic growth factor opponents VEGF and PEDF promoting angiogenesis [48]. 
Rheopheresis could correct this imbalance in favor of inhibition of angiogenesis, result- 
ing in the amelioration of the natural progressive course of AMD. The hypothesis that 
Rheopheresis might re-balance the angiogenic growth factor systems of VEGF and PEDF 
is clinically supported by the finding, that also diabetic retinopathy improved from Rheo- 
pheresis treatment [37]. In conclusion, repetitive pulses of plasma protein elimination 
seam to be capable to change the activity of promotors of the natural course of AMD 
development and progression. If ophthalmological science has completely elucidated 
AMD pathogenesis, it will be possible to explain the exact mechanism of action of 
Rheopheresis for AMD. 



Indication for Rheopheresis in high-risk AMD-patients 

Due to the spreading knowledge about the potential of Rheopheresis numerous AMD- 
patients wished to become treated unrelated to controlled clinical trials. In total more 
than 300 patients with AMD have received extracorporeal hemorheotherapy at the Uni- 
versity of Cologne and essentially confirmed the study results in clinical practice (Brunner 
etal., personal communication). Therefore, a recommendation for high-risk AMD-patients 
was defined and included in the Apheresis-Guidelines of the German Society for Clini- 
cal nephrology, to guarantee that Rheopheresis would be exclusively used for AMD- 
patients within tight limitations of an interdisciplinary quality management approach [49]. 
This recommendation for clinical practice will be continuously updated by data from 
ongoing clinical trials and analysis of the RheoNet-registry to develop complete evidence- 
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Fig. 9. Reference-controlled RheoNet-registry analysis of 27 eyes with dry AMD and soft drusen. 
Mean change in visual acuity after the Rheopheresis treatment series in these eyes is compared 
to corresponding treatment and control groups from the MAC-1 trial and interim results of the 

MIRA-1 trial 



based guidelines. The following conditions should be demonstrated to consider Rheo- 
pheresis for an individual AMD-patient in clinical practice: (1) bilateral AMD, (2) soft 
drusen in the better eye, (3) BSCVA 0.1-0.63 of the better eye, (4) exclusion of CNV in 
the better eye, and (5) Rheopheresis should be complementary and not competitive to 
other possible therapeutic options for this AMD-patient. Two schedules for 8-10 Rheo- 
pheresis treatments were used in the past and seemed to be equally effective. Target 
for a single treatment is 100% plasma volume. Schedule 1 consists of two Rheopheresis 
treatments per week, followed by 4-week (MAC-1 trial) or 2-week intervals (MIRA-1 
trial). Schedule 2 consists of two Rheopheresis treatments in the first week, followed by 
single treatments every two weeks [42]. Based on the positive results of the MIRA-1 - 
interim-analysis 8 single treatments are currently recommended as the initial treatment 
series. 



Reimbursement issues 

Prerequisites exist for acceptance in the medical community, international aproval and 
reimbursement of novel therapies. Safety and efficacy must be assessed by criteria of 
evidencive-based-medicine to ensure that selection and other common sources of bias 
are minimized. Gold standard for the systematic review of health care is a double-blinded, 
randomized placebo-controlled clinical trial following Good Clinical Practice guidelines 
(ICH-GCP) with a publication according to the revised Consort-statement. Within the 
European community aspects of approval and permission are under law of the European 
community. But the health care budget must be available in the national health care 
system, which directs the final decision on reimbursement to national law. Rheopheresis 
for AMD was first investigated in Germany, therefore the German situation will be con- 
sidered in the following in more detail. Organisation of the German health care system 
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is currently determined by seperation into ambulatory (out-patient) care and in-hospital 
care. Related to income statutory health insurance is mandatory, currently covering app. 
88% of the German population, the voluntary health insurance system covers approxi- 
mately 9%. Reimbursement within the statutory health insurance by federal social law 
depends on the regulations of the National Association of Statutory Health Insurance 
Physicians (NASHIP). After that decision reimbursement budgets are mainly negotiated 
between health care authorities and health insurance carriers. Currently lipid-apheresis 
is the only indication of therapeutic apheresis with regular reimbursement. Reimburse- 
ment for Rheopheresis currently depends upon individual application for a single patient. 
With respect to recent decisions of the German supreme court for social law there is a 
dilemma. Without a positive decision of NASHIP statutory health insurance carriers are 
not permitted to reimburse new therapies. On the other hand the supreme court defined 
exceptions. If the patient suffers from a morbid condition, which is life threatening or 
results in a sustained deterioration of quality of life reimbursement Is permitted. No alter- 
native treatment must be is available and according to available evidence there must be 
a reasonable expectation for successful therapy. These strained relations characterize the 
current status of Rheopheresis for AMD in Germany. As a consequence Rheopheresis for 
AMD is only available for self-paying patients or after successful individual application 
for reimbursement, which represent pure economic non-medical conditions. 



Conclusion 

In the majority of AMD patients the therapeutic situation is very unsatisfactory, especially 
for patients with dry AMD. Rheopheresis is a safe and effective modality of therapeutic 
apheresis to treat microcirculatory disorders, and represents a novel therapeutic approach 
for patients with dry AMD. A series of Rheopheresis treatments with effective pulses of 
decreased plasma viscosity and elimination of microcirculatory relevant high-molecular 
weight proteins can induce sustained improvement of the progressive natural course of 
AMD. The implementation of Rheopheresis into clinical practice is guided by the require- 
ments of evidence-based medicine. However, limitations under the financial constraints 
of public health care sytems increase. The RheoNet-registry and the development and 
continuous update of therapy guidelines provide an appropriate framework for the quality 
management of the Interdisciplinary cooperation between ophthalmologists with aphere- 
sis specialists, namely nephrologists. A hypothesis based upon current knowledge of path- 
ogenic mechanisms of the development and progression of AMD can be conclusively 
linked with the putative mechanism of action of Rheopheresis for AMD. The final results 
of the MIRA-1 trial will allow the exact definition for the indication of Rheopheresis in 
patients with dry AMD. 
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I. Introduction 

Once regarded as a vestigial organ, vitreous is now considered an important ocular 
structure, at least with respect to several pathologic conditions of the posterior segment 
[1, 2]. In the normal state, vitreous is a clear and solid gel (Fig. 1) that is firmly adherent 
to the retina, especially in youth. This remarkable tissue is, in essence, an extended 
extracellular matrix, composed largely of water with a very small amount of structural 
macromolecules. 



II. Vitreous anatomy 

A. Vitreous body 

Vitreous is a viscoelastic extracellular matrix that fills the center of the eye. Although com- 
posed primarily (98%) of water, vitreous normally exists in a gel state as a result of the 
intricate organization of its macromolecular components [2, 3]. Hyaluronan (HA) imparts 
viscoelasticity while the structural frame is provided by collagen, primarily type II but also 
type IX, and a hybrid of types V/XI [4]. As shown in Fig. 2, the type IX collagen is situ- 
ated on the surface of the fibril, making it easier for this component to interact with other 
vitreous molecules, thereby playing an important role in maintaining the gel state. 



B. Vitreo-retinal interface 

The peripheral vitreous, known as the vitreous cortex, consists of densely packed fibrils 
with collagen (types II, IX, and a hybrid of types V/XI) and a high concentration of HA. 
In youth, the posterior vitreous cortex is firmly adherent to the internal limiting lamina 
(ILL) of the retina. The ILL, which is actually the basal lamina of retinal Mueller cells, is 
composed of type IV collagen closely associated with glycoproteins. While the exact 
nature of vitreoretinal adhesion is not known, it most probably results from the biophys- 
ical properties of the extracellular matrix molecules found at this interface [5]. 



III. Aging, anomalous PVD, and vitreo-retinal diseases 

During aging, there is weakening of vitreo-retinal adhesion [1, 2], probably due to the 
effect of free radicals generated by incident light and reactive oxygen species from retinal 
cell metabolism, in addition to endogenous enzyme effects. Liquefaction of the gel may 
also be due to light as well as the action of proteolytic enzymes and endogenous metal- 
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Fig. 1. Vitreous dissected of the sclera, choroid, and retina in a 9-month old child is a solid gel in 
spite of being situated on a surgical towel in room air 




Chcndroitin stilphaie 
gjycosamiiioglycan chain 
of type lx 



H - pfop^pdde of 
type V/ XI collageti 



Type V/ XI collagen 



N - propeptide of 



type H coUagen 



Fig. 2. Schematic diagram of human vitreous collagen fibril (d'apres Bishop). Various proteogly- 
cans, glycoproteins, and other molecules might also play a role in the organization of the two major 
structural macromolecules into a three-dimensional network [4] that achieves the physiologic 
vitreous functions of media clarity and shock-absorption [1 ] 



loproteinases. Concurrent weakening of the vitreo-retinal interface and gel liquefaction 
results in innocuous posterior vitreous detachment (PVD). Liquefaction without concur- 
rent vitreoretinal dehiscence results in Anomalous PVD, sometimes with splitting of the 
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Fig. 3. B-scan ultrasonography of posterior vitreoschisis (courtesy of Dr. Ron Green, Doheny Eye 

Institute, Los Angeles, California) 



posterior vitreous cortex, known as vitreoschisis (Fig. 3), exerting abnormal traction upon 
the retina. 

The particular consequences of this traction depend upon where traction is exerted. 
In the periphery, retinal tears and detachments result due to unusual vitreo-retinal adhe- 
sion from cystic retinal tufts (Fig. 4) or verruca (Fig. 5). 

At the macula there can be vitreo-macular traction syndrome, macular holes, or 
macular pucker. 

In Proliferative Diabetic Vitreo-Retinopathy new blood vessels grow into the overly- 
ing posterior vitreous cortex (Fig. 6). 






Fig. 4. Cystic retinal tuft. The tuft is a cystoid formation of fibers, similar to those of the nerve fiber 
layer, and cells, similar to those found in the inner plexiform layer of the retina. The tuft is con- 
nected to the internal limiting lamina of the retina. This scanning electron micrograph shows the 
insertion of the vitreous collagen fibers on the tuft's apical surface. Their orientation changes toward 
the tuft's surface (courtesy of Dr. Stephan Dunker and Professor Juergen Faulborn) 




Fig. 5. Verruca. The verruca has a structure similar to that of a tree. Its "roots" are embedded in 
the inner layers of the retina. Cellular elements resembling cells of the Inner plexiform layer can 
be seen near the retinal surface. The "trunk" of this structure extends from the retina to the middle 
parts of the vitreous cortex. The "branches" of the verruca are intertwined with Interrupted vitreous 
collagen fibers. Local condensation of collagen fibers exists as well as local collagen destruction 
(arrows) and Interruption of the internal limiting lamina of the retina, [reprinted with permission 
from Dunker S, Glinz J, Faulborn J: Morphologic studies of the peripheral vltreoretinal interface in 
humans reveal structures implicated in the pathogenesis of retinal tears. Retina 1 7:124-130, 1997.] 
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Fig. 6. Histopathology of retinal neovascularization in a patient with proliferative diabetic vitreo- 
retinopathy demonstrates that the new vessels grow out of the retinal plane into the overlying pos- 
terior vitreous cortex. Prominent vitreous fibers insert into the new vessels and can transmit 
tractional forces induced by diabetic vitreopathy. Such traction can be important in the pathogen- 
esis of vitreous hemorrhage and traction retinal detachment. [Reprinted with permission from 
Faulborn J, Bowald S: Microproliferations in proliferative diabetic retinopathy and their relation to 
the vitreous. Graef Arch Clin Exp Ophthalmol 223:130, 1985.] 



As a result of alterations induced by diabetic vitreopathy [6] (Fig. 7) there is Anom- 
alous PVD (liquefaction without vitreo-retinal dehiscence) and untoward traction upon 
the optic disc and retina. This can stimulate new blood vessels to grow even more aggres- 
sively, can tear the new blood vessels to Induce vitreous hemorrhage, often into vitre- 
oschisis cavities (Fig. 8) and/or can pull on the retina resulting in traction retinal 
detachment. There can also be effects on the macula causing macular edema that is largely 
unresponsive to laser photocoagulation. 




Fig. 7. A Right eye of a 9 year old girl with a five year history of type I diabetes shows extrusion 
of central vitreous through the posterior vitreous cortex into the retro-cortical (pre-retinal)space. The 
subcortical vitreous appears very dense and scatters light intensely. Centrally, there are vitreous 
fibers (arrows) with an antero-posterior orientation and adjacent areas of liquefaction. B Central vit- 
reous in the left eye of the patient in 7A shows prominent fibers that resemble those seen in non- 
diabetic adults (Figs. 4, 5). C Peripheral vitreous of same specimen as 7B shows fibers inserting 
into the vitreous cortex with adjacent collections of liquid vitreous. D Anterior vitreous of same 
specimen as 7B shows fiber insertion into the vitreous base about the lens (L). [Reprinted with 
permission from Sebag J: Abnormalities of human vitreous structure in diabetes. Graef Arch Clin 

Exp Ophthalmol 231:257, 1993.] 




Fig. 8. Fundus photograph of boat-shaped preretinal hemorrhage. Although it is possible the blood 
is located between the vitreous and retina, it is more likely loculated between the inner and outer 

walls of a vitreoschisis cavitv 
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IV. Rationale for pharmacologic vitreolysis 

To date, surgical instrumentation and techniques have primarily been designed to sepa- 
rate vitreous from the retina and remove it from the eye. While often quite effective, these 
interventions are not always successful. Furthermore, as they are costly and highly 
invasive, they are rarely performed as prophylaxis. Thus, less invasive and more effective 
means are needed to improve surgical outcomes and enable preventative therapies. Phar- 
macologic adjuncts to surgery could improve today's results and also provide new ways 
to avoid surgery in the future. 

V. Pharmacologic vitreolysis 

Coined [7] in 1998, this term refers to the use of exogenous (to the vitreous) agents to 
alter the biochemical and biophysical states of the macromolecules responsible for main- 
taining vitreous structure and vitreo-retinal adhesion. The goals of Pharmacologic Vitre- 
olysis are thus to induce liquefaction of the gel and promote dehiscence of the vitreous 
from the retina. It is important to note that the success of Pharmacologic Vitreolysis 
depends upon inducing these two processes simultaneously, or at least insuring that li- 
quefaction does not progress without sufficient vitreo-retinal dehiscence. Uncoupling 
these two processes, particularly by inducing liquefaction without weakening vitreo- 
retinal adherence, may worsen matters significantly by provoking rather than preventing 
or ameliorating Anomalous PVD and its untoward sequelae; i.e. vitreo-papillopathies, 
vitreo-maculopathies, and peripheral retinal traction. 

There have been a variety of approaches attempted to date. Albeit unsuccessfully, 
Hyaluronidase was employed as early as 1949 and Collagenase in 1973. Table 1 outlines 
the approaches that are currently being developed. The different pharmacologic agents 
can be broadly grouped as enzymatic and non-enzymatic. Within the enzymatic group 
there are substrate-specific agents and non-specific agents. 

Early observations of the effects of blood on vitreous laid the groundwork for 
approaches based upon extracting active agents from blood for Pharmacologic Vitreoly- 
sis. Plasmin is a non-specific protease that can be isolated from the patient's own serum 
for use at surgery. It has been tested in rabbits [8] and several small series of pediatric 
and adult patients undergoing vitrectomy by Drs. MikeTrese, George Williams, and col- 
leagues. This agent is primarily advocated as an adjunct to vitreo-retinal surgery. A phase 
II clinical trial of autologous plasmin agent is currently being organized in the United 
States. There are also other, so-called "exogenous", sources of plasmin. Studies [9] have 
shown that effective Intravitreal levels of plasmin can be generated by injecting tissue 
plasminogen activator (tPA) and breaking down the blood-vitreous barrier with cryopexy 
or laser photocoagulation. Other studies [10] have used combinations of plasminogen 
and urokinase. 



Table 1. Pharmacologic vitreolysis 



I. Enzymatic Vitreolysis 

A. Non-Specific 

1. Plasmin 

2. Dispase 

B. Substrate-Specific 

1 . Chondroitinase 

2. Hyaluronidase 

3. Collagenase 

II. Non-Enzymatic Vitreolysis 
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Another relatively non-specific protease currently under investigation is Dispase. The 
first investigations [11] used Dispase to induce PVD in enucleated porcine and human 
cadaver eyes, noting no untoward effects upon retinal histology and ultrastructure. 
Subsequent studies [12] were successful in using this agent in vivo to remove cortical 
vitreous during vitreous surgery in the pig. Since Dispase has proteolytic activity against 
type IV collagen and fibronectin, there is some concern that the ILL of the retina might 
be adversely affected by this agent. Yet, the histologic studies [11] in porcine and human 
cadaver eyes found that only the lamina rara externa of the ILL was affected, with lesser 
effects upon the lamina densa. The subsequent animal studies found that this agent did 
not alter the ERG in vivo, and no neuroretinal ultrastructural abnormalities were detected 
post-mortem [12]. 

A substrate-specific enzyme that has been in development for a number of years by 
Drs. Greg Hageman and Steve Russell is Chondroitinase. This agent lyses chondroitin 
sulfate, a molecule that may be important in the maintenance of both the gel state of vit- 
reous [13], as well as vitreo-retinal adhesion; hence, there has been considerable inter- 
est in the use of this agent. Indeed, studies [14] have purportedly shown that when used 
as an adjunct to vitreous surgery, Chondroitinase facilitates the removal of premacular 
membranes. Several years ago, a phase I trial using this agent during vitreous surgery in 
patients was completed in the United States, yet the results still await publication. In this 
trial, patients with macular holes and others with proliferative diabetic vitreo-retinopathy 
were treated with Chondroitinase during vitreous surgery, with no untoward effects. Yet, 
phase II studies of efficacy have yet to be undertaken. 

In addition to facilitating vitreo-retinal surgery as currently performed. Pharmacologic 
Vitreolysis could possibly replace vitrectomy, as was proposed with Hyaluronidase to clear 
vitreous hemorrhage without vitrectomy. However, in the Phase III FDA trial undertaken in 
the United States, this drug was not found to be effective. This may be due to the fact that 
the trial Included patients with both type I and type II diabetes. In the former group the 
patients are younger and more likely to have an attached vitreous without a weakened 
vitreo-retinal interface. Thus, although the enzyme may have decreased the viscosity of 
vitreous gel and facilitated the outflow of red blood cells, the persistent attachment of the 
posterior vitreous cortex to the retina and to any neovascular complexes arising from the 
retina and optic disk would cause recurrent vitreous hemorrhage, and possibly retinal 
detachment. Indeed, there has been some discussion of using this agent to induce poste- 
rior vitreous detachment in patients with non-proliferative diabetic retinopathy, since li- 
quefaction of the vitreous body and detachment of the posterior vitreous cortex away from 
the retina prior to the onset of new vessel growth into the vitreo-retinal interface (see below) 
will have a far better prognosis than if the vitreous were still attached to the However, 
Hyaluronidase is not likely to induce vitreo-retinal separation and PVD, at least on theo- 
retical grounds. Indeed, studies [15] in experimental animal models have shown contra- 
dictory results in this regard, with the most recent studies [16] finding no such effect. On 
the other hand, combining Hyaluronidase with SF6 has purportedly induced PVD in the 
rabbit, as has been described with plasmin and SF6 [1 7]. It is plausible that the expanding 
gas, and not the enzyme, is responsible for these effects, since many years ago Lincoff and 
Machemer reported similar effects with expanding gas alone. 

A. Ideal solutions for pharmacologic vitreolysis 

It is important to note that in the Dispase studies, there was no evidence of vitreous li- 
quefaction. This underscores the concept that few, if any, single agents can achieve both 
of the desired components of effective Pharmacologic Vitreolysis; i.e. liquefaction of the 
gel and vitreo-retinal dehiscence. Dispase causes dehiscence but not liquefaction. 
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Hyaluronidase liquefies vitreous gel but without gas probably does not induce PVD. 
Chondroitinase may do both but the depolymerization of HA and chondroitin sulfate only 
results in a reduction of vitreous gel wet weight and not gel destruction [18]. Collage- 
nases would probably be needed to achieve such effects. Indeed, vitreous molecular mor- 
phology is so complex and there are so many different changes that occur with aging and 
various diseases, that the future will probably see the use of a mixture of agents whose 
relative concentrations will need to be adjusted in consideration of the patient's age, 
disease, and the desired effect. Ideally this would begin by inducing vitreo-retinal dehis- 
cence, and then be followed by liquefaction of the gel vitreous [19]. 
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Abstract 

Purpose: To evaluate the clinical outcome of an intravitreal injection of triamcinolone 
acetonide as treatment of diffuse diabetic macular edema. 

Materials and methods:Jhe prospective, interventional, clinical case series study included 

20 patients (26 eyes) v^ho received an intravitreal injection of 20 mg to 25 mg of triamci- 
nolone acetonide as treatment of diffuse diabetic macular edema. The injection was done 
under topical anesthesia and sterile conditions in the operating room. Mean follow-up 
ranged at 6.64 ± 6.10 months. The study group was compared with a control group of 
16 patients who underwent macular grid laser coagulations. 

Results: In the study group, visual acuity increased significantly (p < 0.001) from 0.12 ± 
0.08 at baseline to a maximum of 0.19 ± 0.14 during the follow-up. Seventeen (81%) of 

21 eyes with a follow-up of more than 1 month gained in visual acuity. In the control 
group, visual acuity did not change significantly. In the study group, intraocular pressure 
increased significantly (p < 0.001) from 16.9 ± 2.5mmHg to a mean maximal value of 
21 .3 ± 4.7 mm Hg, and decreased significantly (p = 0.028) to 1 7.7 ± 4.7 mm Hg at the end 
of the study. This occurred parallel to the disappearance of the crystals in the vitreous. 
Intraocular pressure could be controlled with topical antiglaucomatous drops. 

Conclusion: Intravitreal injection of 20mg to 25 mg triamcinolone acetonide might 
increase visual acuity in patients with clinically significant diffuse diabetic macular 
edema. 



Introduction 

Diabetic macular edema had been treated so far by focal laser coagulation applied to 
leaks in the retina. But this is not feasible when there is a diffuse macular edema [1]. As 
alternative a vitrectomy with peeling of the internal limiting membrane had been sug- 
gested by Hillal Lewis and systemic cortisone by Deutman. Yet despite all, the discussion 
on an optimal treatment of diffuse diabetic macular edema is still ongoing. 

The following study was done to evaluate whether an intravitreal injection of high- 
dosed crystalline cortisone, I.e. triamcinolone acetonide, will reduce the macular edema 
and thus increase visual acuity. 



*Read at the 2""* International Conference on Vitreoretinal Diseases in Vienna/Austria, September 8, 
2002. 
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Patients 

The study included 20 diabetic patients or 26 eyes which had had a loss of vision for at 
least 1 year and in which visual acuity had remained decreased for at least 3 months due 
to diffuse macular edema. Each eye had received an intravitreal injection of crystalline 
triamcinolone acetonide. 

The mean age of the patients was 66.9 ± 8.9 years, the refractive error +0.4 ± 1 .62 
diopters, 8 eyes were pseudophakic and 18 phakic in which the degree of lens opacifi- 
cation was determined. The grading was done at the slit lamp by a scale ranging from 
"0", a very clear lens, to "5", a very pronounced lens opacification. 

The visual acuity was determined by the Snellen chart. Mean visual acuity was 0.12 
± 0.08. Prior to inclusion in the study a grid laser coagulation of the macula was done 
in 9 eyes. A peripheral and focal macular laser coagulation, if performed, was done 6 
months prior to inclusion in the remaining 1 7 eyes. Fluorescein angiography demonstrated 
a diffuse macular edema. The follow-up ranged between 1 week and 1 8 months, the mean 
was 6.64 ± 6.10 months. 

The patients of the study were compared with 1 6 patients of a control group, who 
also had a diffuse diabetic macular edema, but were not treated with an intravitreal injec- 
tion of crystalline cortisone. The control group matched In respect to age, gender, refrac- 
tive error, and preoperative visual acuity. The mean age of the control group was 70.54 
± 4.70 years, the refractive error +0.58 ± 1 .31 diopters, visual acuity 0.1 6 ± 0.08. In all 
1 6 patients a grid laser coagulation of the macula was done prior to inclusion in the study. 
The mean follow-up was 7.04 ± 3.51 months. In every patient fluorescein angiography 
demonstrated a diffuse macular edema. 



Method 

Preparation and intravitreal injection of triamcinolone acetonide 

The entire ampulla of 1 ml containing 40 mg of triamcinolone acetonide (in Germany as 
Volon A or in USA as Kenalog) is shaken and a volume of 0.62 ml or 20 to 25/40 mg is 
extracted and filled into a tuberculine syringe which has a volume of 1 ml. After that a 
millipore filter is inserted on top of the syringe and the solution pressed through the mil- 
lipore filter. This removes the supernatant (solvent agent) and keeps the triamcinolone ace- 
tonide crystals in the syringe. Now the tuberculine syringe is filled up to 1 ml with Ringer's 
solution. This procedure is repeated twice. At the end, the tuberculine syringe is just con- 
taining the triamcinolone acetonide crystals and now the syringe is re-filled up to 0.2 ml 
with Ringer's solution. 

The supernatant is to be removed, because some studies had suggested that the solvent 
might be toxic to the intraocular tissues and cause an inflammatory reaction [2, 3]. Since 
during the preparation of the triamcinolone injection a bacterial contamination might 
occur, this has to be done under sterile conditions in the operating room or the solution 
for injection should be prepared by the pharmacy department under sterile conditions in 
their laboratory. 

As well under sterile conditions the eye Is prepared and draped; the injection 
itself is performed as any intraocular surgery. The injection is done under topical 
anesthesia and the 0.2 ml of Ringer's solution, containing 20 mg to 25 mg of triamcinolone 
acetonide, is injected into the vitreous through a 27 gauge needle through conjunctiva 
at the pars plana. After the injection, the patient is asked to sit up and to keep an upright 
position for at least 2 hours to prevent the cortisone crystals from settling into the macular 
area. 
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Results 

Visual acuity 

In the triamcinolone group, visual acuity had increased significantly with a p-value of 
<0.001; it had increased from 0.12 ± 0.08 at baseline to a maximum of 0.19 ± 0.14 at 
1 0 to 1 6 weeks. If only the eyes with a minimum follow-up of 1 month are analyzed, the 
mean maximal visual acuity was 0.18. Paranthetically, 17 of 21 eyes or 81%, with a 
minimal follow-up of 1 month, demonstrated an increase in visual acuity. When com- 
paring the visual acuity at baseline of the study with the visual acuity determined at 
various intervals during the entire follow-up, the increase in visual acuity was statistically 
significant at 6 weeks (p = 0.003) and 10 weeks (p = 0.014), at 5 months (p = 0.028) and 
6 months (p = 0.01 8) after the injection. Towards the end of the follow-up at 3 to 6 months, 
the triamcinolone acetonide crystals had resolved and disappeared completely from the 
vitreous cavity. 



Fluorescein-angiograms 

In the 21 patients for whom fluorescein angiograms pre- and post-treatment were avail- 
able, fluorescein leakage had decreased significantly with a p-value of <0.001 from a 
mean of 32.3 ± 1 3.6mm^ at baseline of the study to a minimum of 26.8 ± 1 5.3 mm^ at 2 
to 4 months after the injection of triamcinolone. Evaluated in a subjective and masked 
fashion, the post-injectjon angiograms of all 21 eyes demonstrated less fluorescein 
leakage. 

In the control group, visual acuity did not change significantly during the follow-up 
of 7 months and it ranged at the end of the follow-up at 0.1 5 ± 0.1 7 which did not differ 
significantly (p = 0.35) from 0.16 ± 0.08 at the baseline of the study. 



Intraocular pressure 

In the study group, intraocular pressure increased significantly with a p-value of <0.001 
from a mean of 1 6.9 ± 2.5 mm Hg at baseline to a mean maximal value of 21 .3 ± 4.7 mm 
Hg during follow-up. It decreased again significantly (p = 0.028) to 17.7 ± 3.6mmHg at 
5 months after the injection. The intraocular pressures taken at the end of the follow-up 
period, did not differ significantly (p = 0.31) from the ones at baseline of the study. During 
the entire study period intraocular pressure was higher than 21 mm Hg in 9 of the 26 study 
eyes or in 34.6%. But in these 9 eyes, intraocular pressure could be controlled by topical 
antiglaucomatous medication, such as, Timolole drops twice per day. A glaucomatous 
damage of the optic nerve was not detected by biomorphometry of the optic nerve head. 



Complications 

Under the described regimen, in none of the 26 diabetic eyes treated, cortisone crystals 
had settled at the macular region. Instead, the crystals were located preretinally within 
the vitreous cortex at 6 o'clock. They did not interfere with visual acuity. In none of the 
eyes included in the triamcinolone study group, postoperative infectious endophthalmi- 
tis or proliferative vitreoretinopathy had developed. In none of the study eyes, a progres- 
sion of diabetic retinopathy was observed. In the 18 phakic eyes, the degree of lens 
opacification had slightly increased, however, not significantly. In none of the study eyes 
a cataract operation was done during the follow-up. 
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Conclusion 

In the presented study with a prospective, non-randomized comparative study design, an 
intravitreal injection of triamcinolone acetonide of 20 mg to 25 mg into an eye with diffuse 
diabetic macular edema resulted in a significant increase in visual acuity combined with 
a significant decrease of fluorescein leakage in the angiogram compared to the baseline 
of the study during the mean follow-up of 6.6 months. When comparing the baseline 
values of visual acuity with the visual acuity at 6 and 12 months after the injection of tri- 
amcinolone acetonide, the post-injection visual acuity was still slightly higher than before 
the injection. In 1 7 of 21 diabetic eyes treated, with a follow-up of 1 month, visual acuity 
had increased after the injection of triamcinolone acetonide, whereas in the control group 
visual acuity had not changed significantly. 

Major side-effects of intraocular triamcinolone, such as, an untreatable high increase 
of intraocular pressure or a toxic effect on the retina and optic nerve, were not observed. 

However, additional questions have to be answered, such as, the dosage of the tri- 
amcinolone acetonide injection: 25 mg [4-9] versus 4 mg [1 0] or the frequency and inter- 
val of a re-injection [11]. Future randomized studies with a larger number of patients have 
to address these questions and to determine whether an intravitreal injection of triamci- 
nolone acetonide can provide an additional option in the treatment of diffuse diabetic 
macular edema. 
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Clinically significant macular edema (CSME) is the commonest cause of legal blindness 
in diabetic patients. It is known to occur more often in adult onset diabetics [1]. The Early 
Treatment of Diabetic Retinopathy Study (ETDRS) defines the CSME to have at least one 
of the three characteristics: (1) macular edema within 500p of the center of fovea; (2) 
hard exudates within 500 ji of the center of fovea with associated retinal edema; (3) retinal 
edema of one disc diameter, a part of which is within one disc diameter of the center of 
macula [2]. The ETDRS has amply demonstrated that macular laser photocoagulation 
reduces macular edema, and thus stabilizes or improves the central visual acuity [3]. In 
the ETDRS study the diagnosis of CSME was made on the basis of stereo fundus photo- 
graphs and fluorescein angiography. The fluorescein angiography (FA) identified two forms 
of macular edema-focal and diffuse [4]. Both types of macular edema respond to laser 
photocoagulation, though the focal edema respond better than diffuse edema [2]. It has 
been opined that FA is not mandatory for diagnosis of CSME, and that stereoscopic eval- 
uation by slit lamp biomicroscopy could be enough to treat and monitor the effect of 
treatment in many instances. However, it is known that the degree of macular edema, 
and not the amount of fluorescein dye leakage determines the extent of visual loss. Hence 
objective and reproducible measurement of macular edema could be an important deter- 
minant in management of CSME. 

The optical coherence tomography (OCT) provides such a tool. The OCT is a non- 
contact non-invasive micron resolution imaging modality that obtains cross sectional 
images of the retina. It is effective in documenting various pathologies of posterior 
segment [5]. 

Good agreement seems to exist between subjective reading of stereo fundus photo- 
graphs, and objective retinal thickness measurement of OCT [6]. Three patterns of macular 
edema are described in OCT [7]. They are spongy edema, cystoid edema and serous 
detachment types. The macular thickness in diabetic eyes reportedly is more than the 
non-diabetic eyes even before the maculopathy sets in [8]. Possibly this can be used for 
early detection of diabetic maculopathy. It has been suggested that foveal thickness above 
180ji measured by OCT can a useful index for early detection of macular edema [9]. 

We conducted a pilot study to determine the usefulness of the OCT in laser treatment 
of diabetic macular edema. The study was designed to answer the following questions: 

1 . Is there a good correlation between FA and OCT for assessment of CSME? 

2. Can OCT replace FA for treatment and follow-up of patients with CSME? 

The study was not designed to compare the stereo fundus photographs or biomicroscopic 
evaluation of CSME with the OCT measurements. 
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Materials and methods 

The study included 37 eyes of 22 consecutive patients with non-insulin dependent 
diabetes mellitus (NIIDM) seen in the Kanuri Santhamma Retina Vitreous Center, L V 
Prasad Eye Institute, Hyderabad, India. The inclusion criteria were: (1) adult NIIDM 
patients, (2) biomicroscopic and FA diagnosis of CSME, and (3) willingness to participate 
in the study and maintain a regular follow-up for 6 months. The main exclusion criteria 
were (a) juvenile Type I diabetes, (b) known allergy to Na FI dye, (3) pregnancy, (4) 
clinical and angiographic diagnosis of proliferative diabetic retinopathy or macular 
ischemia, and (5) absence of consent. Two patients did not have follow-up for a period 
of 6 months, and were thus excluded. In the final analysis 35 eyes of 20 patients were 
Included. 

Examination. The ocular examinations included a detailed history of diabetes (dura- 
tion and control), nature of the visual symptoms, slit lamp examination of the anterior 
segment of eye, applanation tonometry, and a dilated fundus examination including both 
biomicroscopy and indirect ophthalmoscopy. Following the clinical confirmation of dia- 
betic maculopathy, all patients received color fundus photography (Zeiss, Germany), flu- 
orescein angiography (FA) (Zeiss, Germany) and optical coherence tomography (OCT) 
(Zeiss, Germany). The pupil in both eyes were dilated with 1% tropicamide and 1% 
cyclopentolate solution applied two times at an interval of 15 minutes to ensure at least 
5 mm dilatation of the pupil before fundus photography, FA and OCT. 

Fundus photography: Thirty-degree color fundus photograph of the posterior pole was 
taken before FA and OCT. 

Fluorescein angiography: Intravenous injection of 3 ml 20% Sodium fluorescein dye, 
was given and fundus photographs taken at recommended intervals. All the angiogram 
were done using a 30 degree field. Retinal edema in fluorescein angiogram was defined 
as the increasing hyperfluorescence around the fovea center with or without identifiable 
microaneurysm. 

Optical coherence tomography: The macular thickness was measured using the fast 
macular scan program and the retinal map program in OCT-3. The fast macular scan 
program simultaneously projects six lines onto the macula. Retinal map (vertical and hor- 
izontal) gives the average macular thickness in 5 locations-fovea, and the four cardinal 
directions (superior, inferior, nasal, and temoral) around the fovea. These regions are dis- 
tributed In 3 zones - 1 mm, 2.22 mm, and 3.45 mm around the center of fixation. Should 
the center of fixation is the fovea, then the distribution of retinal thickness is shown in 
the fovea and 8 cardinal locations in 1 mm (around the fovea), 2.22 mm (superior, infe- 
rior, temporal, nasal) and 3.45 mm (superior, inferior, temporal, nasal) around the fovea. 
The thickness of these areas are color coded and the absolute value printed thus elimi- 
nating any subjective bias of the examiner. The thicker areas are shown in hot colors 
including white and the thinner areas in cold colors including black. In general green 
color represents a normal thickness of the retina. The retinal edema was defined as thick- 
ness greater than 200 |i. 

Both FA and OCT pictures were printed in high-resolution Kodak printing paper. They 
were analyzed by two independent reviewers (FA by GS, and OCT by KS). So as to match 
with the area of interest with the OCT, three circles of 1 mm, 2.2 mm, and 3.45 mm diam- 
eter were drawn around the center of fovea in the FA print outs. The center of fovea was 
identified as the center of the foveal avascular zone (FAZ) in the angiogram. The three 
circles were drawn using the soft ware of the Zeiss fundus camera system. The angioram 
with the circles drawn in the macula was superimposed on the identical 30 degree color 
fundus photograph obtained in the same system. Thus 9 areas in each eye were exam- 
ined. These are the center of fovea, and the superior, inferior, temporal, and nasal quad- 
rants In 2220 p and 3450 p around the fovea center. 
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The CSME was defined as per the ETDRS criteria using the FA picture [4]. But the 
zones of retinal thickening was extended up to 3450p around the fovea center so as to 
match the OCT zones. 

Laser photocoagulation, after obtaining informed consent, was done as per the stan- 
dard guidelines [10] using 532 nm laser (Zeiss). The patients were reexamined every 2 
months for a period of 6 months. In each re-examination visit, a detailed ocular exami- 
nation was repeated including FA and OCT. Repeat laser photocoagulation was offered, 
and done after another informed consent, if needed. Decision for repeat laser photo- 
coagulation was based on the retinal thickness of the OCT in the inner circle of lOOOji 
around the fovea center. Should there be thickened retina beyond this zone, laser was 
not offered and the patients was requested for a close follow-up. 

The FA reader was masked from other results of ocular examinations including OCT. 
The OCT reader was masked to the laser treatment and visual results; however, since the 
fundus photographs was taken by the same individual this masking was only partial. The 
masking was undone at the time of final analysis. The analysis consisted of correlating 
the fundus photograph, FA and the OCT. While comparing the latter two, all the 9 zones 
between the three circles were analyzed. 

FA was considered the gold standard, and OCT was compared with the FA. Three sit- 
uations were considered that can arise in FA-OCT comparison. They are: (1) a positive 
FA and positive OCT, (2) a positive FA and negative OCT, and (3) a negative FA and 
positive OCT. They were called Positive-Positive, Positive-Negative, and Negative- Positive 
respectively where the first segment of the phrase represented the FA and the second 
segment of the phrase represented the OCT. 

Results 

Demography 

The study consisted of 19 male and one female patient. The average age was 55.8 years 
(range 41-72 years). Both eyes were Involved in 15 patients and one involved in 5 
patients. All the patients had type 2 diabetes. 

FA and OCT correlation 

There was good agreement in 31 eyes where both FA and OCT detected macular edema. 
There was disagreement in 4 eyes. In one patient (2 eyes) there was FA edema, but no 
OCT edema in both eyes; in one patient (2 eyes) there was OCT edema, but no FA edema. 
In the later patient there was incorrect base line measurement in retinal map, and precise 
measurement of the retinal edema was not possible. Thus Positive-Positive (FA positive 
and OCT positive) was seen in 31 (88.6%) eyes. Positive-Negative (FA positive and OCT 
negative) was seen in 2 (5.7%) eyes. Negative-Positive (FA negative and OCT positive) 
was seen in 2 (5.7%) eye. 

In general, there was good agreement of FA and OCT in severe macular edema. The 
OCT was superior to FA in mild macular edema, and interpretation was rather difficult 
when the scan line passed through confluent hard exudates. 

Three case reports illustrating these the three common situations are briefly described. 
The first case also demonstrates OCT-titrated laser photocoagulation response. 

Case reports 

Positive-positive and OCT-titrated response (Fig. 1 ) 

68 year old man with type 2 diabetic for 22 years, one eye (other eye gross reduction 
of vision due to exudates at the fovea) and earlier treated for diabetic macular edema 
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Fig. 1. A Pre treatment color fundus photograph. Note the exudates in the posterior pole. Previous 
laser photocoagulation marks are seen temporally. CSME is not appreciated, though the patient 
complaints of recent reduction of vision. (20/30, N12). B Corresponding fluorescein angiography 
shows retinal edema in the nasal pre treatment fluorescein angiography. Note edema in the nasal 
to the fovea. C Corresponding optical coherence tomography confirms the nasal macular edema 
in all zones. The retinal edema superiorly is a reflection of the confluent hard exudates superiorly. 
D Post treatment optical coherence tomography following first treatment. There was reduction of 
the macular edema in all the zones - 27.9%, 24.7%, and 22.3% in the inner, intermediate nasal 
and outer nasal quadrants respectively. E Post treatment coherence optical coherence tomography 
following second treatment. There was further reduction of macular edema. The macular edema 
reduced by 42.2%, 50.6%, and 39.7% in the inner, intermediate nasal, and outer nasal quadrants 
respectively. The visual acuity improved to 20/20, N6 
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returned with complaints of recent reduction of vision. The right (better) eye had visual 
acuity 20/30, N12. Fundus examination showed presence of hard exudates temporal to 
fovea with previous photocoagulation marks; the fluorescein angiograph demonstrated 
presence of diffuse macular edema nasal to fovea. In the optical coherence tomograph 
the edema measured 256 ji within the inner circle, 478 |i at the nasal intermediate 
(2.22 mm) zone and 506 |i at the nasal outer (3.45 mm) zone. He received two sittings of 
macular photocoagulation in interval of 4 months. At 3 months following the last laser 
treatment the vision improved to 20/20, N6. There was reduction of macular edema at 
all the zones- 27.9% (355 p to 256ji) in the inner zone, 24.7% (478 ji to 306 ji) in the 
nasal intermediate zone, and 22.3% (506|li to 393 p) in the nasal outer zone following 
the first laser treatment. This edema further reduced by 42.2% (355 p to 205 p) in the inner 
zone, by 50.6% (478 p to 236 p) in the nasal intermediate zone, and by 39.7% (506 p to 
305 p) in the nasal outer zone following the second treatment. At the last follow up exam- 
ination, the center of fovea measured 1 73 p and the visual acuity had returned to 20/20, 
N6. 



Positive-negative (Fig. 2) 

50 year old man with 10 year old type 2 diabetes had visual acuity of 20/20, N6 both 
eyes fundus examination showed superficial retinal hemorrhages and hard exudates in 
the posterior pole. The fluorescein angiogram both eyes demonstrated edema surround- 
ing and encroaching upon fovea. The optical coherence tomogram in either eye did not 
show any retinal edema. The average thickness of the inner zone in right eye was 191 p 
and fovea 148p; the average thickness of the inner zone in the left eye was 183p and 
the fovea 160p. The surrounding intermediate and outer zones in both eyes measured 
between 1 99 p-254p though the color code was maintained at green. Based on the OCT 
evaluation, laser photocoagulation was not offered. In subsequent follow up examina- 
tions at 4 and 6 months there was no change in visual acuity or fundus status. The dia- 
betes mellitus remained well controlled. 



Negative-positive (Fig. 3) 

56 year old with 1 0 year history of type 2 diabetes presented with visual acuity of 20/40, 
N8 and 20/60, N12. The fundus examination showed presence of hard exudates at the 
macula, the left eye more confluent. The fluorescein angiography showed leaking micro- 
aneurysms far from the fovea; since the retinal edema was not with in 1 000 p of the fovea, 
either eye did not have clinically significant macular edema as per the ETDRS definition 
of CSME. The optical coherence tomogram provided an erroneous reference line value 
when the scan line passed through the hard exudates. 

Discussion 

Clinically significant macular edema is one of the principal causes of moderate to severe 
reduction of vision in diabetic individuals with retinopathy. The reduction of vision is 
dependent on the extent and type of macular edema. Stereo fundus photography, fluo- 
rescein angiography and slit lamp biomicroscopy are the advocated techniques of eval- 
uating the diabetic macular edema. Stereo fundus photography is the professed technique. 
It needs expertise and competence of the ophthalmic technician or photographer for good 
photography. The evaluation is purely subjective. 

Fluorescein angiography demonstrates presence and extent of leaking micro- 
aneurysms. Since they are the one closely associated with macular edema in diabetics. 






Fig. 2. A Left eye color fundus photograph. The exudates close to fovea, but the larger confluent 
ones are far from the macula. B Left eye fluorescein angiography. There is edema in the macular 
area. C Left eye optical coherence tomography. The OCT does not show macular edema within 
lOOOp of the center of fovea. The average macular thickness in the inner zone of lOOOji is 183|i. 

There is no retinal edema up to 3.45 mm from the center of macula 
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Fig. 3. A Right eye color fundus photograph. Note the exudates in the macular area. B Right eye 
optical coherence tomography. The high reflection from the exudates gives a wrong baseline curve 
making erroneous value for retinal thickness measurement 



the angiography is usually considered the gold standard. Additionally, the angiography 
also delineates the microaneurysms and differentiates the leaking from the non-leaking 
one, and thus helps in laser photocoagulation. Fluorescein angiography is semi quanti- 
tative in nature, and obviously more objective than stereo fundus photograph. It is often 
argued that the CSME can be diagnosed by slit lamp biomicroscopy alone, thus making 
other photographic procedures such as stereo fundus photography and fluorescein angiog- 
raphy redundant. However, it can not be denied that the technique is subject to serious 
inter and intra observer variability. 
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The OCT on the other hand is both objective and reproducible. The technical train- 
ing is not very exerting, and once the scan line passes through the retinal area of inter- 
est, the incorporated soft ware automatically measures the retinal thickness. The current 
soft ware also shows the distribution of the retinal thickness at 9 areas of interest in 
the posterior pole. The areas include the fovea (lOOOjxm around the center of foveola), 
and the four cardinal directions-superior, inferior, nasal and temporal at 2200pm and 
3450pm from the foveola. Evidences are now accumulating to suggest that in many 
instances of diabetic maculopathy the OCT alone can be used to treat and monitor laser 
therapy in CSME. A good correlation between stereo fundus photography and OCT is 
reported [6]. The OCT probably demonstrates the macular edema preceding the clinical 
appearance of retinopathy [8]. The OCT also demonstrates reduction of retinal edema fol- 
lowing laser treatment in diabetic maculopathy [11]. 

The macular edema is the main event in diabetic maculopathy and is responsible for 
reduction of vision. Laser photocoagulation reduces the macular edema and reduction in 
edema improves the vision. Hence tools that measures the macular edema objectively is 
better suited for initiating and monitoring the laser treatment. Fluorescein angiography 
and stereo fundus photography are more objective than slit lamp biomicroscopy. Fol- 
lowing photocoagulation the fluorescein dye leakage is known to reduce, so also the 
macular edema as measured by OCT. It has been suggested that macular edema is better 
correlated with the state of vision in diabetic maculopathy, and not the extent of dye 
leakage. This was evidenced in both eyes of one patient in our study group. In this patient 
despite the presence of fluorescein dye leakage in the macula, the vision was 20/20 in 
both eyes, and the average macular thickness in the inner zone (1000 pm) was normal 
(182 and 193 pm). 

This is, however, not to deny the known advantages of fluorescein angiography or 
strereo fundus photography. FA is capable of detecting ischemic maculopathy; the OCT 
can not. Poor vision disproportionate to the clinical signs of maculopathy, and poor visual 
evoked potential (VEP) are other two clinical and objectively measurable parameters of 
ischemic maculopathy. The OCT can, however, distinguish the retinal exudates. Since 
fundus examination will always precede an OCT examination, one has to interpret the 
OCT readings cautiously. 

The FA has the capacity to differentiate an early or subtle proliferative diabetic 
retinopathy (PDR) from non proliferative diabetic retinopathy (NPDR) with or without 
maculopathy. The other clinical sign of increasing retinal ischemia secondary to diabetes 
are retinal arterial narrowing. Stereo fundus photography and biomicroscopy are the most 
convincing way of looking for the macular exudates and their location. The exudates 
appear as highly reflective localized structures. Should the exudates are confluent and 
confined to a small area in the posterior pole, the reflections from the exudates interfere 
with the reference line for accurate mapping of the retinal thickness. The retina appear 
thicker in OCT, while it is not apparently so in the stereo fundus photography or stereo 
biomicroscopy. This is one of the reasons for Negative-Positive image. 

The treatment strategy will grossly differ in both ischemic macula and PDR that the 
OCT can not distinguish. In Ischemic maculopathy one will not consider photocoagula- 
tion at all, and pan retinal photocoagulation is the treatemnt of choice in PDR with 
macular photocoagulation in concurrent presence of maculopathy. OCT Is not designed 
to identify retinal ischemia. The OCT, however, can distinguish the retinal exudates. Since 
fundus examination will always precede an OCT examination, one has to interpret the 
OCT readings cautiously. 

In this study it was noted that there was good agreement between FA and OCT in 
severe macular edema. In mild macular edema the retinal map provided better results, 
and the FA was better understood when the OCT was also used. Perhaps the OCT 
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detectable macular edema precedes the angiographic edema [9]. There was considerable 
difficulty of OCT interpretation in presence of moderate to severe retinal exudates. 

In our opinion at the current state of knowledge, the OCT should be clubbed with 
other two modalities of ascertaining the macular edema - the stereo fundus photography, 
and angiography. We also believe that after the base line evaluation with photography (or 
biomicroscopy) and angiography, OCT alone can be used for follow-up and further 
titration of treatment. The advantages include: (1) avoid an invasive procedure such as 
fluorescein angiography, and (2) the OCT can be done in patients with known allergy or 
contraindications to Na FI dye. It can be concluded that at the current state of knowl- 
edge, the fundus photography, FA and OCT are all complementary for diagnosis and treat- 
ment of diabetic macular edema. Fundus photography is good to demonstrate and 
delineate the retinal exudates. FA is useful for study of leaking microaneurysms, and 
macular ischemia. OCT is a superior mode for the objective assessment of retinal edema. 

Following successful macular laser photocoagulation, the retinal edema regresses 
earlier than photographic reduction of the retinal exudates. While fluorescein angiogra- 
phy can also demonstrate the reduction of dye leakage (read subjectively), the OCT can 
objectively demonstrate reduction of macular thickness both in the center of macula and 
the immediate surrounding zones. Hence it is prudent to use the OCT in conjunction 
with fundus photography and fluorescein angiography for treatment and follow-up eval- 
uation of diabetic macular edema. 
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Introduction 

Since the introduction of lasercoagulation, therapy of diabetic macular edema, which is 
the most frequent cause for loss of vision in diabetic patients, had become possible. The 
accumulation of intraretinal fluid due to hyperpermeability of the retinal vasculature may 
lead to focal, diffuse and cystoid edema [1], 

The Early Treatment Diabetic Retinopathy Study findings have demonstrated that focal 
laser coagulation reduces the risk of moderate visual loss by at least of 50% [2]. Still the 
prognosis for diabetic patients with macular edema In regard to visual acuity is poor. 
Especially cystoid and diffuse edemas often fail to respond to laser treatment while in 
case of focal edema at least a stabilization in visual acuity can be achieved for a limited 
time [2, 3, 4, 5]. 

Various clinical trials have been undertaken to investigate into new treatment modal- 
ities for diabetic macular edema. On the assumption that the relief of vitreal traction might 
lead to a decrease of a macular edema the first surgical attempts with vitrectomy were 
undertaken. 

In a series of ten patients, Lewis et al. studied the effect of vitrectomy on diabetic 
macular edema associated with macular traction. The visual acuity improved in six out 
often patients [6]. Harbour et al. [7] evaluated the surgical results in patients with a thick- 
ened and taut posterior hyaloid membrane in combination with diabetic macular edema 
and stated that early surgical intervention may result in better visual outcome. But further 
investigation showed that not only macular edemas in combination with tractional forces 
either induced by the vitreous or by a thickened inner limiting membrane benefited from 
vitrectomy. The workgroups of Ikeda, Tachi, Pendergast, Gandorfer, Otani and La Heij 
demonstrated that diffuse macular edema without a thick posterior hyaloid responded to 
a surgical intervention and that the resorption of the edema was facilitated after vitrec- 
tomy [8-13]. 

In sum, there is evidence that vitrectomy is useful in treating macular edema in dia- 
betic patients. But to our knowledge, the benefit of vitrectomy for a follow-up period 
longer than 28 months has not been reported yet. In the present retrospective study our 
aim was to investigate the long-term efficacy of vitrectomy on diabetic macular edema. 
The follow-up period ranged from 12 to 120 months with a mean of 54.7 months. 

Methods 

We reviewed the clinical records of 66 patients who had undergone vitrectomy for dia- 
betic macular edema at the University Clinic of Ophthalmology in Innsbruck between 
1992 and 2000. Lasercoagulation had been administered in accordance with the ETDRS 
treatment guidelines for diabetic macular edema. All eyes received NSAID for at least 8 
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weeks after laser treatment. In case the edema did not respond to lasercoagulation the 
eyes received surgical treatment. 

Pars plana vitrectomy was performed in retrobulbar anesthesia with 2% scandicain 
and hyalase in 69 eyes of 66 patients. In 14 eyes (20.6%) extracapsular cataract extrac- 
tion with phacoemulsification and intraocular lens implantation into the capsular bag was 
performed simultaneously. A standard three-port vitrectomy was performed and posterior 
vitreal detachment was induced (when necessary) by suction with the fluid - needle after 
removal of the anterior and central vitreous. In 51 eyes (73.9%) the inner limiting mem- 
brane (ILM) in the macular area was peeled. Fluid/air or gas exchange was carried out 
before closure of the sclerostomies and subconjunctival application of gentamicin. Topical 
corticosteroids and NSAIDs were applied after surgery. During chart review, the follow- 
ing preoperative data were obtained of each patient: age, gender, follow-up, the lens 
status, best-corrected Snellen visual acuity, the type and duration of diabetes, insulin- 
dependence and tension. Slit-lamp biomicroscopy was performed with a 78-diopter lens 
or in special cases with a fundus contact lens to determine the extent and pattern of the 
macular edema, the presence and quantity of hard exudates and whether the vitreous 
was still attached. Fluorescein angiography was only obtained in cases where no judg- 
ment of the macula on the basis of funduscopy only was feasible. 

Postoperative data included the best-corrected visual acuities at standardized follow- 
up time points. Follow up time ranged between 12 and 120 months. 

For statistical analysis visual acuities were converted to logMAR equivalents. The 
percent change in best-corrected visual acuity was determined for evaluation whether 
surgery resulted in a better visual outcome. The calculation was accomplished with the 
following formula: percent change = ([final visual acuity-preoperative visual acuity]/final 
visual acuity) x 100. Preoperative and postoperative visual acuities were compared with 
the Wilcoxon signed rank test. Multiple linear regression was used to analyze the asso- 
ciation between final visual outcome and preoperative clinical parameters including 
preoperative visual acuity. P values of less than 0.05 were considered to indicate statis- 
tical significance. SPSS statistical software was used for statistical analysis. 



Results 

The study comprised 69 consecutive eyes of 66 patients undergoing vitrectomy for dia- 
betic macular edema. Thirty-one of our patients were male and 38 patients were female. 
The ages ranged between 19 and 85 with a mean of 53.6 ± 17.9 years. Mean duration 
of diabetes was 14.93 ± 8.32 years and in 34.8% of cases a type I disease was diagnosed 
versus 65.2% cases with type II disease. Ninety-three percent of our patients had an 
insulin-dependent diabetes mellitus (IDDM). 

In 58 (84.1 %) of the eyes lasercoagulation for macular edema according to the EDTRS 
guidelines was carried out before vitrectomy. Cystoid macular edema was present in 25 
(36.2%) of the eyes. Flard exudates were observed In 58.6% of the cases and In 16.2% 
these exudates formed plaques. A posterior chamber lens was present in 13.2% while all 
the residual eyes were phakic at the time of surgery. The follow-up ranged from 1 2 to 1 20 
months with 54.7 months mean. In fifty-seven percent of the patients follow-up was 
accomplished until 3 years. At 6 years 35% of the baseline patients could be examined 
and at 10 years still 19% could be tested. Nine (13.2%) eyes had a posterior chamber 
lens at time of vitrectomy whereas cataract extraction was accomplished at time of 
vitrectomy in 14 (20.6%) and in the follow-up period in 15 (22.1%) of the eyes. Thirty 
eyes (44.1%) remained phakic. 

The mean preoperative best-corrected visual acuity improved from 20/320 to 20/80 
at the time of best postoperative best-corrected visual acuity (P < 0.0001 , Wilcoxon signed 
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rank test). At the time of final examination the best-corrected final visual acuity was 
20/160 (P < 0.001, Wilcoxon signed rank test). The mean increase in Snellen lines was 
2.7 ± 7.9 in regard to the final visual acuity and 5.9 ± 6.0 in regard to the best postop- 
erative visual acuity. The median change in best-corrected visual acuity was improved by 
33.7% at the final follow-up examination. 

In 78.4% of the eyes the macular edema was resolved at final visit, while it improved 
in 1 1 .8% and persisted in 9.8% of our patients. Only in 7.8% a cystoid macular edema 
was still present in the postoperative follow-up. Moderate amounts of hard exsudates 
could be detected in 29.6% of all eyes versus no hard exsudates in 66.7%. Plaques of 
hard exsudates could be seen in only two eyes. 

For prognostic perspective we analyzed whether the type and duration of diabetes 
mellitus, insulin-dependence, sex, age, lens status, time of cataract extraction, cystic 
changes, ILM peeling, hard exudates, plaques of hard exudates, soft exudates and laser 
treatment before vitrectomy were associated with the final visual outcome. Linear regres- 
sion analyses demonstrated a statistically significant correlation for laser treatment before 
vitrectomy (p = 0.007). The eyes that had received focal or grid lasercoagulation prior to 
vitrectomy had a better visual outcome compared to eyes with no laser photocoagula- 
tion in the macular area. A statistic trend (p = 0.09) for the presence of hard exudates was 
found implicating that in case no hard exudates were present at time of vitrectomy the 
final visual acuity tended to be better. On the other hand the amount of hard exudates 
did not seem to play a role since no correlation was identified either for the presence of 
multiple hard exuadates or the presence of plaque-like hard exudates. 

Discussion 

Although the efficacy of vitrectomy for diabetic macular edema for short- and interme- 
diate-term follow up has been reported, the long-term outcome for these cases has not 
been described yet. Initially the reduction of the edema in response to vitrectomy was 
related to the relief of fractional forces induced by the vitreous or related membranes [6, 
7]. Recent studies confirmed a decrease of edema even in case of no preexisting trac- 
tional forces around the macula and also in case of posterior vitreous detachment (PVD) 
[8-1 3]. Yamamoto and coworkers also demonstrated that vitrectomy is effective in reduc- 
ing macula edema even if no epimacular membrane is present [14]. 

Our results confirm that vitrectomy is effective in stabilization of the visual acuity 
independent of whether the ILM is removed or not since no correlation between eyes 
with peeling of ILM and eyes without peeling in respect to the final visual outcome was 
found In our data. The missing correlation does not indicate that peeling is not advanta- 
geous because of a normal learning curve to remove the ILM within the last years. Only 
if the ILM is not visible or breaking in small pieces so that the peeling may cause injury 
at the macula the ILM removal will not be carried out yet. Perhaps the theory that ILM 
removal is not so important can be supported by experimental data that suggest various 
mechanisms responsible for the resorption of an edema following vitrectomy. Surgical 
extraction of the vitreous initiates the relief of retinal hypoxia due to the possibility of 
oxygen transport via fluid currents in the vitreous cavity that additionally enable oxygen 
exchange between well-perfused and ischemic areas. The increase in oxygen supply 
induces a constriction of the arterioles and thereby initiates a decrease of the hydrostatic 
pressure. This reformation of the physiologic balance in hydrostatic and oncotic pressure 
leads to a reflux of extracellular fluid into the vessels and thereby to the resolution of 
the edema [15]. Another assumption is that vitrectomy leads to a removal - at least 
temporarily - of growth factors and enzymes from the eyes that are known to play a role 
in the pathophysiology of macular edemas. For instance the vascular endothelial growth 
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factor (VEGF) has been shown to evoke two mechanisms that have an influence on 
macular edema. First, it increases the permeability of the retinal vasculature via media- 
tion of protein kinase C and second, it decreases the levels of occludin, a protein that is 
necessary for ensuring tight junctions [1 6, 17]. Another factor influencing the tight junc- 
tions has been found in histamine that acts by reducing the expression of ZO-1 [18]. 

Whatever the resolution mechanism may be found out finally at the presence the clin- 
ical findings indicate that vitrectomy is beneficial in cases of diabetic macular edema. 

In 90.2 % of our patients vitrectomy resulted in decreasing the macular edema and 
in 78.4% we saw a total resorption of the edema. Furthermore our results indicate a sta- 
bilizing effect for extended periods since our data comprise a follow up until a maximum 
of 1 0 years (Fig. 1 ). There was a strong correlation of the final visual acuity and laser treat- 
ment before vitrectomy in our patients. Macular edema therapy was strictly administered 
in accordance with the FDTRS guidelines. The 1 1 eyes (1 5.9%) that have not been lasered 
before vitrectomy were eyes with a very poor baseline visual acuity with large exsuda- 
tive areas and large ischemic zones, which was the reason why no laser photocoagula- 
tion had been performed in the first place. In these cases a restoration of the visual acuity 
cannot possibly be achieved like in eyes with no capillary drop-out. On the other hand 
laser photocoagulation prior to vitrectomy may have a protective and stabilizing effect on 
the macular perfusion and therefore result in better visual outcome after surgery. 

A trend of statistic correlation was found in respect to hard exudates implicating that 
in case no hard exuadates are present before vitrectomy the final visual acuity tends to 
be higher (p = 0.09). 

In regard to the time of lens extraction and the final visual acuity no correlation could 
be found via regression analyses in our patients. Cataract surgery has been reported to 
have an influence on the macular situation in controversial ways: first a preexisting 
macular edema may deteriorate after surgery and second a primary not exsudative macula 
can become exudative (Irvine-Gass Syndrome) [19, 20]. The introduction of extracapsu- 
lar small incision techniques and phacoemulsification has decreased the incidence of 
Irvine-Gass Syndrome to 1.7% [21]. Pseudophakia or cataract extraction at the time of 
vitrectomy proved to be advantageous for posterior compartment surgery in so far that it 
enables a complete removal of the vitreous and radical lasertherapy of the anterior retina. 
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Despite the limitations of a retrospective investigation our findings support previous 
studies concluding that patients who do not respond to laser treatment may benefit from 
vitrectomy with or without peeling of the ILM. As far as we are aware the number of eyes 
in our study was higher and the period of follow-up was longer compared to previous 
studies. Yet, our data are also solely based on a retrospective and not-controlled case 
series. Therefore a prospective, controlled and randomized trial is required to back up the 
findings indicating that vitrectomy in persisting macular edema is really beneficial. 
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Introduction 

Macular edema is the leading cause of visual impairment in patients with diabetic 
retinopathy [1, 2]. The mechanism of diffuse macular edema includes leckage from the 
abnormal retinal capillaries and microaneurysms [1] and tractional forces at the vitreo- 
retinal interface [3]. 

Grid-pattern laser coagulation has been the standard treatment for clinical significant 
diffuse edema showing a resolution of the edema in 68-94% of the eyes [4-6]. However, 
the functional results were limited. 

The role of the vitreomacular interface has been implicated in the pathogenesis since 
Nasrallah found a lower incidence of posterior vitreous detachment in eyes with diabetic 
macular edema compared to eyes without edema [7]. Previous studies have reported 
favourable anatomic and functional results after vitrectomy and removal of the posterior 
hyloid [8-14]. However, Hikichi also found a spontaneous resolution of the edema in 
55% of eyes with postieror vitreous separation and in 25% of eyes without or with incom- 
plete posterior vitreous detachment [15]. 

Based of these outcomes we initiated a randomized clinical trial on patients with 
diffuse macular edema comparing the functional results after pars plana vitrectomy with 
those after grid-laser treatment. 



Material and methods 

46 eyes of 40 patients are enrolled into the study. 34 eyes of 30 patients with an age 
between 38 and 74 years have passed the 6 months control which is presented here. 

All patients have a history of diabetic maculopathy with diffuse edema for more than 
6 months. In all eyes a grid laser treatment has been performed at least 4 months prior 
to the enrollment. We included only eyes where the posterior hyloid was attached echo- 
graphical ly or where a preretinal membrane was present in the OCT. We excluded eyes 
with a lens opacification more than N03NC3C3P3 according to the LOGS III charts, eyes 
with massive subfoveal hard exudates, ischemic maculopathy or cystoid macular edema, 
as well as eyes with signs of proliferative changes. 

The eyes were randomized initially into an operation group (Group I: 16 eyes) and a 
control group (Group II: 18 eyes). 

Surgery was performed as a standard vitrectomy with removal of the posterior hyloid 
followed by ICG staining and peeling of the inner limiting membrane. In patients at an 
age over 65 years surgery was combined with a phacoemulsification and posterior 
chamber lens implantation. 

Initially and one, three, and six months postoperatively we evaluated the visual acuity 
for far (ETDRS charts) and for near Gager charts). Improvements and deteriorations were 
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Table 1. Results ETDRS 







1 m p.o. 


3 m p.o. 


6 m p.o. 




Group 1 


11 (69%) 


3 (1 9%) 


3 (1 9%) 


u 


Group II 


5 (27.5%) 


1 (5.5%) 


3 (16.5%) 




Group 1 


2 (12.5%) 


11 (69%) 


13 (81%) 




Group II 


10 (55.5%) 


10 (55.5%) 


9 (50%) 


n 


Group 1 


3 (1 9%)* 


2 (12.5%) 


0 (0%) 




Group II 


3 (16.5%) 


7 (39%) 


6 (33%) 



*) 1 eye with p. o. hem. 



defined as changes of a least 10 optotypes or 2 lines respectively. OCT measurements 
were performed to evaluate the height of the edema. A decrease or increase was deter- 
mined as a change of at least 10% of the preceeding value. 

Results 

Clinical results 

Surgery was uneventful in all cases. Postoperatively a vitreous hemorrhage occurred in 
one eye which resolved spontaneously after 4 weeks. 

Biomicroscopically the edema has disappeared 1 month postoperatively in the oper- 
ation group in 10 out of 16 eyes (62.5%) compared to 3 out of 18 eyes (16.6%) in the 
control group. 



ETDRS results (Table 1) 

One month after surgery 69% (11 of 16) of the operated eyes were improved in com- 
parison to 27.5% (5 of 18) of the controlled eyes. 12.5% (2 of 16) as against 55.5% (10 
of 18) were unchanged. In the later observation period the majority of the eyes in both 
groups were stable (50-81%) but there were always more improved eyes in the opera- 
tion group (1 9% as against 5.5 to 1 6.5%) and much more deteriorated eyes in the control 
group (33 to 39% as against 0 to 12.5%). 

An evaluation of the initial and the 6 months outcomes showes that 50% of the 
operated eyes (8 of 16) in comparison to 22% (4 of 18) of the control cases have a 
better visual acuity for far at this time. 



Reading acuity results (Table 2) 

At the month one examination 37% (6 of 1 6) of the eyes in the operation group showed 
an improved acuity for near compared to 1 6.5% (3 of 1 8) of the control cases. In the later 
follow up period most of the eyes remained unchanged in both groups (67 to 81 %). There 
was only 1 eye ( 6%) which deteriorated in the operation group after 3 months but 4 eyes 
(25%) improved at this time in this group. In the control group one eye (5.5%) respec- 
tively improved after 3 and 6 months but more eyes deteriorated (2 to 3) during the same 
time. 

An evaluation of the initial and the 6 months outcomes showes that 8 times more 
patients result in a better acuity for near (44% as against 5.5%) in the operation group. 
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Table 2, Results acuity for near 







1 m p.o. 


3 m p.o. 


6 m p.o. 




Group 1 


6 (37%) 


4 (25%) 


1 (6%) 


u 


Group II 


3 (1 6.5%) 


1 (5.5%) 


1 (5.5%) 




Group 1 




11 (69%) 


1 5 (94%) 




Group II 




14 (78%) 


15 (83.5%) 


n 


Group 1 


1 (6%)* 


1 (6%) 


0 (0%) 




Group II 


1 (5.5%) 


3 (1 6.5%) 


2 (11%) 


*)1 eye with p.o. hem. 



Table 3. Results OCT 






1 m p.o. 


3 m p.o. 


6 m p.o. 




Group 1 


9 (56.5%) 


3 (1 9%) 


3 (1 9%) 


Group 11 


3 (16.5%) 


2 (11%) 


0 (0%) 





Group 1 


7 (44%) 


13 (81%) 


11 (69%) 




Group II 


10 (55.5%) 


12 (67%) 


13 (72.5%) 


tr 


Group 1 


0 (0%) 


0 (0%) 


2 (12.5%) 


Group II 


5 (27.5%) 


4 (22%) 


5 (27.5%) 




Fig. 1. Patient MP - preoperative OCT showing a macular edema (maximal thickness 606 p). On 
the surface a thickened posterior hyloid characterized by a high reflectivity is present (white arrows) 



Optical coherence tomography results (Table 3) 

According to the clinical findings 56.5% (9 of 1 6) of the operated eyes showed a decrease 
in the height of the edema (Figs. 1 , 2) compared to 1 6.5% (3 of 1 8) of the controlled eyes. 
During follow up there were only two eyes (12.5%) in the operation group where the 
edema increased after 6 months. In contrast, we found 22 to 27.5% of eyes in the control 
group with an increase of the edema up to 6 months. 

A comparison of the 6 months results shows that 56.5% of the operated cases as 
against 22% of the controlled ones had a minor height of the edema in the OCT. 
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Fig. 2. Patient MP - 1 month after surgery with a distinct decrease of the edema (maximal 

thickness 200ji) 



Discussion 

The various mechanisms of the development of diabetic macular edema requires differ- 
ent approaches in the management. Whereas grid laser treatment is adequate to reduce 
leackage from abnormal retinal capillaries [4-6] it may be insufficient when tractional 
forces at the vitreoretinal interface are present. The posterior hyloid was found to be 
attached more often in eyes with diabetic macular edema [15] and spontaneous resolu- 
tion is possible after separation. However, improvements are also described without treat- 
ment . A statistically significant difference between grid laser coagulation and the natural 
course was only found up to two years [16]. 

The background of our randomized study was to find out inhowfar a pars plana 
vitrectomy with peeling of the internal limiting membrane improves the visual function 
of patients with persistent macular edema compared to non-operated controls. 

Our results demonstrate a 69% success rate after surgery which Is In the middle of a 
wide range from 38% [13] to 91% [12]. The deviation of the outcomes is explained by 
the small series and different methods in evaluating the functional results and baseline 
characteristics. A good correlation is found between the number of the finally Improved 
eyes after 6 months in our study (50%) and the studies of Otani [14] and Tachl [10] with 
success rates of 57% and 53% respectively. 

The highest success rate (91%) is reached by Gandorfer [12] who combined 
vitrectomy with ILM-peeling. The removal of this membrane which offers a scaffold for 
proliferating astrocytes may almost completely release all tractional forces on the 
macula. However, there is no prospective, randomized trial which proofs the benefit of 
peeling the inner limiting membrane. 

There is an agreement that the best results are obtained in the earl observation period 
[9, 12] whereas the number of improved eyes dropped to 19% after 3 and 6 months 
in our series (Table 1). There were only 2 eyes (12.5%) in the operation group which 
deteriorated after surgery without any obvious reason and one eye with a temporary 
postoperative vitreous hemorrhage. 

The results in the control group were significantly worse. Although 27.5% of the eyes 
showed an increased vision after 1 month at least 50% of the eyes remained unchanged 
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and up to 39% deteriorated during the study. A comparison of the initial and final values 
shows that the patients in the operation group have a 2 to 2.5 times higher chance for an 
improvement. 

Correlating to these findings OCT measurements showed a decrease of the retinal 
thickness in 56.5% of the operated eyes in contrast to 16.5% of the control eyes (Table 
3). There was a good accordance between improved visual acuity and decrease of the 
edema in both groups. Interestingly Otani reported a tomographical disappearance of the 
edema in 100% of the cases but a visual improvement in only 57% which he attributes 
to the accumulation of subfoveal exudate during absorption of the macular edema and 
the preoperative macular function [12, 1 7]. This could explain why it was not possible to 
improve the visual acuity for near by vitrectomy to the same extent as the ETDRS vision 
in our series. However, there was also a distinct better outcome in the operation group 
(37%) one month after surgery than in the control group (16.5%). We found 2 to 8 times 
more patients in the operation group with a better reading vision than initially determined. 

In conclusion, a randomized study was recommended in prior reports to evaluate the 
advantages of vitreoretinal surgery in eyes with diffuse macular edema. The preliminary 
results reveal a significant better outcome of the visual acuities for far and near with a 
distinct reduction of the retinal thickness in the operated eyes. The most distinct increase 
of the functional level is reached one month after surgery. At the end of the observation 
period the eyes after surgery had a 2 to 8 times higher chance for a better function than 
those without treatment. 
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Vitrectomy for CME in retinal vein occlusions - 
A new indication? 
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Cystoid macular edema (CME) is the most common cause of visual impairment in vein 
occlusions. So far the "good clinical praxis in branch vein occlusions (BRVO)" and CME 
was a grid laser therapy [16, 18]. Vision improvement after grid laser occurs in 65% of 
the patients. If we look closer to what appears to be a remarkable advantage we find that 
the average vision improvement was just 1 .3 lines, that 40% of the patients lost reading 
vision and patients with lower vision were less likely to achieve a good vision after grid 
laser. Furthermore, in patients with CME and capillary non perfusion laser failed to show 
any effect and in central retinal vein occlusions (CRVO) grid laser therapy also could not 
improve the visual prognosis. 

As a consequence of these relatively poor treatment options we raised the following 
questions: 

What can be done for those patients who do not respond to grid laser in BRVO? 

Is there a better therapy for CME and BRVO? 

Is there any help for patients with CRVO? 

Reports on vision improvement after vitrectomy in diabetic patients with CME 
encouraged us to investigate vitrectomy as a therapy to improve function in those 
patients. 

In a pilot study we performed vitrectomy on patients non responding to grid laser and 
found visual improvement. Looking up literature we found that within the last years in 
japan several studies had been published on the same subject [8, 9, 11, 13, 17]. One 
study group operated on patients with attached posterior vitreous who did not achieve a 
good visual acuity after grid laser photocoagulation [17]. Other authors operated on 
patients with severe macula edema and BRVO and CRVO [8, 9]. Both reported improved 
visual recover in comparison to the patients of the branch vein occlusion study receiving 
standard grid laser therapy. 

Our indications for vitrectomy were: 

In acute CME the vision had to be 20/200 or less 

In chronic CME a macular traction syndrom had to be proven with OCT. 

All eyes had to have an attached posterior vitreous. 

We operated on 15 patients with BRVO and 3 patients with CRVO. 



Results 

We found that in BRVO in acute CME 60% of the patients achieved a visual acuity of 0.7 
or better. The drop out of perifoveal capillaries and avascular areas in the periphery were 
reperfused after surgery in 90% of the cases. In CRVO we observed a reduction of CME 
in all eyes, vision improved in two eyes. 
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We compared our results to those of others methods in eyes retinal vein occlusion: 

One of the most well known methods within the last years is the sheathotomy first 
described by Osterloh et al. (1988). Opremcak et al. reported about a case series of 14 
patients [14]. Mesters et al. [12] had the largest series of 43 patients and the control was 
performed on patients who refused operation (n = 25). 60% of his operated on patients 
improved 2 lines or more whereas his control group did not improve significantly. Unfor- 
tunately this study has several flaws: besides the fact that it is not randomized, Mesters 
does not differentiate between ischemic and non ischemic BRVO, which is important, 
since in ischemic BRVO visual prognosis is favorable in the natural course. 

Secondly although the rationale to surgically remove the suggested reason of BRVO 
is striking, there is no prove whether the vitrectomy or the sheathotomy is the reason for 
the suggested anatomical improvement. Moreover the author himself states that although 
he completely separated adventitial tissue from artery to vene and therefore removed all 
obstacles additional internal limiting membrane peeling improved his results. This sug- 
gests that the effect of his therapy does not derive from sheathotomy. Since other authors 
were not able to have as good results with this method [1 1 ], Figureras compared the effect 
of vitrectomy with the effect of sheathotomy, where she found no significant diffference. 
(The paper is published in detail in the same book). 

In all of the surgical BRVO studies the case selection was done regardless of the per- 
fusion of the macula. This is surprising since FInkelstein [5] proved that 90% of the eyes 
with macula ischemia regain an visual acuity of 0.66 or better in natural course [1,2]. It 
is therefore absolutly necessary to perform pilot studies only on eyes with perfused 
macula, which have a worse prognosis In BRVO. 

Another treatment alternative in BRVO is triamcinolone acetonide intravitreale which 
already proved to be effective in other CME associated diseases [7]. So far it did not prove 
to be effective for BRVO or CRVO. 

Intravitreal tissue plasminogen activator (TPA) injections failed to show any effect [6]. 
When applied as an retinal intravenous injection with high pressure patients with CRVO 
showed Improved vision [19] when compared to the natural course of the CRVO study, 
but the method needs a special injection device and only 50% of the eyes (n = 30) had 
vision improvement of 3 lines or more at the last follow up. 

The latest method in CRVO is the radial optic neurotomy by Opremcak [3, 15]. He 
reports on 1 1 patient, 73% of them showed visual improvement of five lines or more. 

It seems that both methods bear an advantage for visual improvement for patients with 
CRVO when compared to the natural course. 

Since this is a observational pilot study the clinical value is limited, but this applies 
to all studies on surgical treatments of CME in retinal vein occlusion at this point of time. 
Most of the studies do not differentiate ischemic from non ischemic BRVO or CRVO, 
control groups are missing and the number of eyes is very low. But in order to establish 
the evidence of treatment efficacy a randomized study on a large number of patients has 
to be performed. Since there are several treatment options indicating to be effective it is 
relevant to report on those in pilot studies and compare the results in order to choose the 
most promising method for an evidence based study. 

At this point of time we can conclude that vitrectomy with posterior detachment of 
the vitreous is an effective alternative treatment in cases with severe CME. Secondly vision 
improvement Is better when surgery was performed early. And patients with ''old" vein 
occlusions and CME should be examined for vitreous traction with OCT and operated on 
when these are ascertained. 
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Abstract 

Purpose: To prospectively compare results of vein decompression and vitrectomy with 
hyaloid removal for treating branch retinal vein occlusion (BRVO). 

Methods: Thirty-five eyes with macular edema and visual acuity worse than 20/100 
secondary to BRVO were included. Vitrectomy with posterior hyaloid removal and vein 
decompression at the arteriovenous crossing was performed on 15 patients (Group I); 
same technique without vein decompression was performed on 20 (Group II). 

Results: Group I: After mean follow-up of 33 months, VA improved by two lines or more 
in 13/15 (87%), one line in 1/15 (6.5%) and remained unchanged in 1/15 (6.5%) eyes. 
Macular edema resolved in 14/15 (93%). No eyes developed new vessels. 

Group II. After mean follow-up of 1 8 months, VA improved two lines or more in 1 6/20 
(80%), remained unchanged in 2/20 (10%) and deteriorated in 2/20 (10%). Macular 
edema resolved in 16/20 (80%). No new vessels developed. No differences were found 
between groups in either age (p 0.566) or preoperative visual acuity (p 0.505). Despite 
a statistically significant difference in the duration of preoperative interval (p 0.004), no 
differences were found in post-operative visual results (p 0.147), resolution of macular 
edema (p 0.098) or prevention of neovascularization. 

Conclusion: Results suggest that vitrectomy with posterior hyaloid removal without vein 
decompression can resolve macular edema, improve visual acuity and prevent develop- 
ment of new vessels in BRVO. 



Introduction 

Branch retinal vein occlusion (BRVO) is the second most common retinal vascular disease, 
affecting 1 .6% of the population above the age of 40 [1 ]. Several studies have shown that 
the anterior location of the artery Is one of the risk factors for BRVO [2-4]. Arterioscle- 
rotic changes in the artery and the artery's anterior location to the vein cause an abrupt 
alteration of vein direction and a reduction of vein lumen. With increased compression, 
venous blood flow velocity at the crossing site gradually increases until local shear stress 
causes endothelial cell loss, thrombus formation and vein occlusion [5-7]. 

Several medical and surgical strategies have been employed to treat BRVO. The only 
therapy of documented value for BRVO is retinal argon laser photocoagulation. Laser 
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photocoagulation has been shown to improve the visual prognosis in patients with sec- 
ondary complications of BRVO, including persistent macular edema and retinal neovas- 
cularization. In the BRVO study, a comparison of the natural history of macular edema 
was performed, showing that laser treatment increases the probability of visual improve- 
ment, but the mean improvement in treated eyes was only 1 .33 lines [8, 9]. Consequently, 
other surgical techniques are presently under investigation in an attempt to achieve better 
visual results. Among these are laser chorioretinal anastomosis and surgical vein decom- 
pression at the AV crossing. 

In 1988 Osterloh and Charles gave the first description of surgical vein decompres- 
sion at the arteriovenous (AA/) crossing in a patient with BRVO. During surgery, no 
changes in vein caliber or blood flow were detected, but 8 months later visual acuity 
improved from 20/200 to 20/25 [10]. Eleven years later, Opremcak and Bruce reported 
the first series of patients in whom vein decompression was performed. Following surgery, 
67% of patients improved VA at a mean of 4 lines [11]. Shah et al. also found a sub- 
stantial visual Improvement in 4 of 5 eyes following vein decompression surgery [12]. In 
2001, Mester et al. compared the results of surgical vein decompression in 40 patients 
with 22 controls, finding better VA in treated eyes [13]. In the same year, Dotrelova and 
coworkers reported three cases where VA improved 3.5 lines with the same surgical tech- 
nique [14]. The only authors to have reported no visual improvement following surgery 
were Le Rouic et al. in a study performed on 3 eyes [15]. 

Moreover, other authors have reported improved VA following vitrectomy with poste- 
rior hyaloid removal without vein decompression [16, 17]. 

This paper reports the results of two prospective pilot studies on two consecutive series 
of patients surgically treated for BRVO. In one group the vitrectomy was followed by 
decompression of the vein at the AN crossing, whereas in the other a vitrectomy with 
hyaloid removal was performed with no maneuvers at the crossing. The results of the two 
studies were retrospectively compared. To our knowledge, this is the first report to 
compare the results of these two surgical techniques In patients with BRVO. 



Patients and methods 

The study included 35 eyes of 35 patients with BRVO. Ail were operated on by the same 
surgeon (MSF). Between December 1 998 and January 2000, vein decompression was per- 
formed In 15 patients (Group I). Between January 2000 and January 2001, vitrectomy 
with posterior hyaloid removal was performed in 20 patients (Group II). Primary outcome 
was visual acuity and secondary outcomes were resolution of macular edema and pre- 
vention of neovascularization. Informed consent was obtained from each patient. 

Inclusion criteria were the same for both groups: BRVO cases presented for exami- 
nation within one year of onset of symptoms, best-corrected Snellen VA equal to or worse 
than 20/100 and macular edema involving the fovea on slit-lamp examination. Any eyes 
presenting with posterior or anterior new vessels were excluded from the study. Patients 
with diabetic retinopathy or any other disease that could cause loss of vision were 
ineligible. 

Best-corrected VA was checked prior to surgery and throughout the follow-up period. 
Using the Snellen chart, visual acuity was measured by masked observers who received 
no information on the procedures performed. Color fundus photographs were taken 
during all visits, and a flourescein angiography was performed before surgery, at 1, 3, 6, 
9 and 12 months and then annually thereafter. 

The results of the two prospective studies were retrospectively compared. 
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Surgical technique 

In Group I, vitrectomy with posterior hyaloid removal and vein decompression at the AV 
crossing was performed. Decompression was done with a microvitreoretinal blade bent 
at the tip to separate the overlying arteriole from the venule, as previously described by 
Opremcak E.M. [1 1]. In cases where the tangential force required to separate the vessels 
was strong enough to endanger the integrity of the vein, horizontal or vertical scissors 
were used to complete decompression. Vitrectomy with posterior hyaloid removal was 
performed in the Group II. In this group, no maneuvers at the AV crossing were 
performed. 



Statistical analysis 

For data analysis, the Fisher exact test and the Mann-Whitney test were used. A finding 
was considered statistically significant at P < 0.05. The statistical package used was 
PRFSTA PC, version 2.2. 



Results 

Group I. Surgical decompression 

Fifteen eyes of 15 patients were included, 6 women and 9 men, with a mean age of 63 
(51-80). The mean interval between the first symptoms and surgery was 28 days (7-75). 
The first step in surgery was to detach the posterior hyaloid, which was attached in 1 5/1 5 
(100%) eyes. Decompression was successful in 11/15 (73%) patients (Fig. 1). In 4 cases 
where the integrity of the vein was endangered owing to strong attachment between the 
vessels at the crossing, decompression was not completed. During the procedure, no 
changes in vein caliber or blood flow were detected. 

Despite successful decompression, 2 eyes developed venous collaterals 7 and 15 
months after surgery, respectively (Fig. 2). Although successful decompression was 
performed in these two eyes 15 and 19 days after the occlusion, a severe vein stenosis 
persisted following surgery, making collaterals inevitable. 

After a mean follow-up of 33 months (25-42 months) macular edema resolved in 
14/15 (93%). Visual acuity improved 2 lines or more (2-8 lines) in 13/15 (87%), one line 
in one eye (6.5%) and remained the same in one patient (6.5%). Mean visual Improve- 
ment was 4.5 lines in Snellen acuity, with a mean preoperative VA of 20/1 00 and a mean 
postoperative VA of 20/30. Mean time for VA improvement was 4.5 months (1.5-12 
months). No relationship was found between the duration of the preoperative interval and 
visual results. Indeed, the patient with greatest VA improvement also had one of the 
longest preoperative intervals (45 days). 

Six of fifteen eyes showed non-ischemic macular edema throughout the follow-up. 
Following surgery, the edema resolved in all of them and vision improved 4.5 lines (3-7 
lines). 

None of the eyes developed new vessels in either the anterior or posterior segments 
though 8/15 (53%) showed retinal ischemia larger than 5 disk diameters. 

The following surgery-related complications were observed in this group during and 
after surgery: mild intraoperative retinal venous bleeding during the dissection in two eyes 
that resolved by increasing intraocular pressure; a macular hole 36 months after surgery 
in one eye despite macular edema resolution; and a nuclear cataract progression in most 
patients above the age of sixty. 
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Fig. 1. Top left and right: Preoperative and color photographs. VA 20/100. Bottom left and right: 
Postoperative appearance 15 months after surgery. Following decompression, point of contact 
between the vessels is now visible (arrow). VA 20/20 



Group II: Vitrectomy with posterior hyaloid removal 

Twenty patients were included in this group (8 females and 12 males) with a mean age 
of 65 (56-71). The mean preoperative interval was 112 days (12 days-12 months). During 
surgery, the posterior hyaloid was detached ini 9/20 (95%), while one eye showed a pre- 
operative posterior hyaloid detachment. 

After a mean follow-up of 18 months (14-25 months), macular edema resolved in 
16/20 (80%) eyes. VA improved 2 lines or more (2-8 lines) in 16/20 (80%), remained the 
same in 2/20 (10%) and deteriorated one line in 2/20 (10%). Mean VA improvement was 
3.5 lines, where the mean preoperative VA was 20/200 and the final postoperative VA 
was 20/40. 

No eyes developed new vessels in either the posterior and anterior segments after a 
mean follow-up of 18 months. 

During surgery, one case showed two peripheral retinal tears following posterior 
hyaloid detachment, which were treated with retinopexy and fluid/gas exchange. No other 
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Fig. 2. Top: Preoperative fluorescein angiography of BRVO. Artery and vein are parallel at cross- 
ing. A thrombus is evident as a focal hyperfluorescence at the point of contact between the vessels. 
VA 20/100. Bottom left and right: Fluorescein angiography 28 months after surgery. Despite 
successful decompression 15 days after the occlusion, a severe vein stenosis persisted, making 

collaterals Inevitable. VA 20/30 



surgery-related complications were observed during or following surgery, except for the 
progression of nuclear cataracts. 



Comparative study 

No differences were found between the groups in terms of patients' age (P = 0.566; 
Mann-Whitney test). Nor were any differences found between the groups In terms of 
preoperative VA (P = 0.505; Mann-Whitney test). Nevertheless, there was a statistically 
significant difference in the preoperative interval, which was longer in the group where 
vitrectomy with posterior hyaloid removal was performed (P = 0.004; Fisher exact test). 
The mean preoperative interval was 28 days In Group I (7-75 days) and 3.5 months (12 
days-12 months) in Group II. Despite this difference, no differences were found in final 
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Table 1 . Comparative study 



Vitrectomy + decompression 


Vitrectomy 


P 


Age 


67 years 


65 years 


0.566 


Mean preoperative VA 


20/100 


20/200 


0.505 


Mean preoperative interval 


28 days 


1 1 2 days 


0.004 


VA changes 








>2 lines 


13/15 (87%) 


1 6/20 (80%) 




+1 line 


1/15 (6.5%) 


0/20 




no changes 


1/15 (6.5%) 


2/20 (10%) 


0.147 


-1 line 


0/15 


0/20 




^ lines 


0/15 


2/20 (10%) 




Macular edema resolution 


14/15 (93%) 


16/20 (80%) 


0.365 


New vessels (AS or PS) * 


1/15 


0/20 





*AC = anterior segment 
PS = posterior segment 



VA (P = 0.147; Mann-Whitney), resolution of macular edema (P = 0.365; Fisher exact 
test) or development of new vessels (0/15 in Group I and 0/20 in Group II) (Table 1). 



Discussion 

Branch retinal vein occlusion is the second most common cause of retinal vascular 
disease. This type of occlusion is most frequent in the superotemporal arcade because of 
the high density of A/V crossings. Two complications are most frequent: new vessels and 
macular edema. New vessels develop in approximately 20% of cases between 6 and 18 
months after occlusion but the incidence of new vessels is determined by the size of the 
retinal ischemia. If the ischemia is smaller than 5 disk diameters, incidence will be near 
11%; but if it is larger than 5 disk diameters, 36% of patients will develop retinal new 
vessels [9]. New vessels can also develop in either the disk or the anterior segment. 

The second most common complication is macular edema, of which there are two 
types: ischemic and non-ischemic. An ischemic macular edema is characterized by an 
alteration of the foveal capillary net, which may or may not be associated with fluores- 
cein leakage. In contrast, the non-ischemic macular edema is characterized by a normal 
foveal capillary net and leakage in the flourescein angiography. But the difference 
between these types of edema lies not only in their behavior during flourescein angiog- 
raphy but also in their natural evolution. The study by Finkelstein showed that the ischemic 
type tends to resolve spontaneously with an improvement in 90% of patients and mean 
final visual acuity of 20/30 without receiving any treatment. In his series, the non-ischemic 
form showed resolution of edema and improved visual acuity in 30% of cases; that is, 
70% showed a persistence of edema with a final visual acuity of 20/100 with no treat- 
ment at all [18]. 

Thus, owing to the good natural evolution of the ischemic macular edema, most 
patients will not require any treatment. In eyes with the non-ischemic form, the results of 
the BRVO study indicate that grid laser treatment should be applied when visual acuity 
is worse than 20/40 three months after the occlusion. But the mean visual improvement 
in treated eyes was only 1.33 lines in the BRVO study [8]. Consequently, other surgical 
techniques are at present under investigation in an attempt to achieve better visual results. 
Among these are laser-induced chorioretinal anastomosis and surgical vein decompres- 
sion at the AV crossing. 
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But laser-induced chorioretinal anastomosis was reported to be successful in only 
3 of 6 eyes with BRVO, where visual acuity improved in 66% [19]. Moreover, severe 
complications including choroidal neovascularization, segmental retinal ischemia, 
choroidovitreal neovascularization, preretinal fibrosis with or without associated retinal 
traction and vision-limiting hemorrhages [20-23]. 

The second technique under investigation is surgical vein decompression, with good 
visual results reported by several authors. In December 1998 we began a prospective pilot 
study to determine whether BRVO was reversible by AN decompression and what effect 
surgery had on the secondary complications of the disease. But to analyze the effective- 
ness of decompression, the procedure must be performed very early in the course of the 
disease, because experimental histological studies have shown irreversible capillary 
closure four days after the occlusion [24]. However, the state of the foveal capillary net 
cannot be determined by a fluorescein angiography so early in the course of the disease. 
Thus, we performed surgery on patients with macular edema and vision of 20/100 or 
worse as soon as possible, regardless of the type of edema. 

In our series, complete decompression could not be performed in four eyes. Strong 
adherence between the vessels at the AN crossing posed a serious risk of vein damage. 
The results of these four patients were included in Group I because maneuvers at the 
crossing were performed even though decompression was not completed. 

In spite of the success of vein decompression in 11 of 15 operated eyes, two devel- 
oped retinal venous collaterals. Although successful decompression was performed in 
these two eyes 15 and 19 days after the occlusion, a severe vein stenosis persisted fol- 
lowing surgery, making collaterals inevitable. 

Nevertheless, macular edema resolved in 14 of 15 eyes, that is, 93%, after a mean 
follow-up of 33 months. It is worth noting that no relationship was found between the 
duration of the preoperative interval and the incidence of resolution of macular edema. 
Edema resolved both in eyes that were operated on as soon as 7 days after the occlusion 
and in eyes operated as late as 75 days after the occlusion. Therefore, this finding would 
not appear to support the idea that decompression is the cause of edema resolution. 

Disappearance of macular edema in our study was associated with visual improve- 
ment of one line or more in 93% of eyes with a mean improvement of 4.5 lines. But this 
significant visual improvement could be due to the high proportion of patients with 
ischemic macular edema. Although we were unable to determine the state of the foveal 
capillary net preoperatively owing to intraretinal hemorrhages, 9 eyes showed ischemic 
macular edema during the follow-up. So what happened in patients with the non-ischemic 
form of the disease, which is believed to have a worse prognosis? Of the 15 eyes oper- 
ated on, 6 showed the non-ischemic form and vision improved in all at a mean of 4.5 
lines (3-7 lines). This improvement was truly significant compared to that described in 
the BRVO study, where the mean improvement in treated eyes was 1.3 lines [8]. 

Neither our study nor any previous ones have found a relationship between the dura- 
tion of the preoperative interval and visual results, which is surprising if the mechanism 
of improvement is understood to be vein decompression. Indeed, the patient with the best 
visual acuity after surgery also had one of the longest pre-operative intervals, that is, 45 
days. 

Surgery did not only improve visual acuity, but also prevented the development 
of new vessels in both groups, the second most common complication following 
BRVO. 

All the above factors led us to pose the question of whether the absence of new vessels 
and the resolution of macular edema could be the result of the detachment of the poste- 
rior hyaloid and the removal of vitreous gel rather than of vein decompression. Thus, in 
January 2000 we undertook a new study to determine whether vitrectomy with posterior 
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hyaloid removal with no vein decompression could achieve resolution of macular edema, 
visual improvement and prevention of the development of new vessels. To obtain valid 
results, inclusion criteria had to be the same as in the previous study: that is, eyes with 
macular edema secondary to BRVO and best-corrected VA of 20/100 or worse. Surgery 
was also performed as soon as possible following the diagnosis. 

Retrospective comparison of results between the Group I and Group II revealed no 
differences in either patients' age or preoperative visual acuity. But there was a statisti- 
cally significant difference in the duration of the preoperative interval, which was longer 
in Group II. Despite this difference, no differences were found in final visual acuity, res- 
olution of macular edema or prevention of neovascularization. 

Therefore, our findings would suggest that posterior hyaloid detachment and vitreous 
removal might be sufficient to resolve macular edema, improve visual acuity and prevent 
the development of new vessels in patients with BRVO, making maneuvers at the cross- 
ing unnecessary. Recent reports by Tachi and Saika would support our findings on vit- 
rectomy with hyaloid removal. Tachi and co-workers reported 27 patients where macular 
edema resolved and VA improved following phacoemulsification and pars plana vitrec- 
tomy with posterior hyaloid detachment [1 6]. They found that VA improvement was better 
in those eyes that had higher visual acuity before surgery. Saika et al. combined this tech- 
nique with a gas/air tamponade and found that VA improved substantially when surgery 
was performed no later than 11 months after the occlusion [17]. 

But what might be the mechanism for macular edema resolution and visual improve- 
ment following a vitrectomy with hyaloid removal? 

It should be emphasized that nearly all the eyes in this study showed an attached pos- 
terior hyaloid durihg surgery. Detachment of the posterior hyaloid and removal of the vit- 
reous gel may improve the oxygen supply to ischemic inner retina by way of fluid currents 
in the vitreous cavity, as Stefansson et al. reported in 1990 [25]. The improvement in the 
preretinal oxygen tension levels may cause vessel constriction and lower intravascular 
pressure, reducing edema formation according to Starling's law [26]. This may cause the 
resolution of macular edema in BRVO, in a manner similar to the resolution of diabetic 
macular edema following vitrectomy, and it also may explain the inhibitory effect that 
vitrectomy has on retinal neovascularization. 

But it is also possible that the removal of vitreous gel causes resolution of macular 
edema because intravitreal cytokines are eliminated. Vascular endothelial growth factor 
(VEGF) is a cytokine produced by hypoxic retina in central retinal vein occlusion and 
diabetic retinopathy, inducing capillary permeability and angiogenesis [27, 28]. It has 
recently been reported that VEGF leads to endothelial cell hypertrophy and capillary 
luminal narrowing, causing more ischemia and more VEGF production [29]. Vitreous 
removal, by eliminating this cytokine and perhaps other cytokines as well, may alter this 
vicious circle, inducing the resolution of macular edema and the improvement of visual 
acuity found in our study. Nevertheless, these are only hypotheses that must be tested by 
future studies. 

Although there are numerous potential complications associated with these surgical 
techniques, including retinal tears or detachment, vitreous hemorrhage, retinal gliosis at 
the incision site or nerve fiber layer defects, in our series they were very uncommon. Only 
one eye showed retinal tears during surgery, which were successfully treated with 
retinopexy and fluid/gas exchange. Our most common complication was the accelera- 
tion of nuclear sclerotic cataract formation, which is inherent to vitrectomy. 

In summary, our study would suggest that vitrectomy with posterior hyaloid removal 
might resolve macular edema, improve visual acuity and prevent development of new 
vessels in patients with BRVO, making maneuvers at the crossing unnecessary. Never- 
theless, this is only a pilot study: a larger number of patients would be necessary to 
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confirm our findings. Moreover, only randomization with a control group could deter- 
mine the effectiveness of these surgical techniques. 
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Introduction 

Central vein occlusion (CVO) is a common retinal vascular disorder with potentially blind- 
ing complications. The two mayor complications associated with CVO are reduced vision 
resulting from macular involvement, which might be present as macular edema, macular 
haemorrhage or macular nonperfusion and neovascular glaucoma secondary to iris neo- 
vascularisation, which might result in pain and blindness [1]. 

Under the many different terminologies used for the different types of CVO related to 
the findings on fluoresceinangiography the most appropriate is possibly the term perfused 
and non perfused [2]. Although the exact area of non perfusion is not always clear, it was 
proposed by Margalal et.al. that the existence of 10 disc areas of retinal nonperfusion is 
necessary to define ischemia [3]. 

There is a strong association with hypertension, cardiovascular disease and diabetes 
mellitus in 50-70% of the affected patients, and most of them are over 50 years of age 
[4]. 

Treatment so far has been directed to prevention of complications with panretinal laser 
coagulation or grid pattern treatment for macula edema. Results of the Central Vein Occlu- 
sion Study (88-92) [5] have shown, that patients with low visual acuity at onset (less than 
20/200) had only a 20% chance for improvement at outcome, perfused or not perfused. 
Out of 728 eyes 547(74.4%) were considered as perfused at the study onset, after 4 
months additional 15% converted into nonperfused and during the next 32 months addi- 
tional 19% became non perfused, a total of 34%. As far as prophylactic panretinal pho- 
tocoagulation for nonperfused CVO was concerned the study demonstrated, that this does 
not totally prevent the development of iris neovascularisation and prompt regression of 
NV is more likely to occur in eyes following treatment when those eyes have not been 
previousely treated. 

Grid pattern photocoagulation for macular edema showed no visual benefit in this 
disease when the CVOS macular edema eligibility crtierias were met [5, 6]. 

Histopathologic studies by Green et al. of 29 eyes with CVO have shown a throm- 
bosis of the central retinal vein in the area of the lamina cribrosa as a constant finding 
[7]. 

Left with little effective treatment for CVO, Opremcak et al. [8] developed a surgical 
technique which is supposed to decompress the CVO via a radial optic neurotomy (RON), 
performed after vitrectomy from a transvitreal approach. Improvements in 73% (8/11) 
were reported with this technique, the surgery was evaluated as being safe. 

In this article we describe our first experiences with RON in a consecutive series of 
patients with CVO which was supplemented by the removal of the inner limiting mem- 
brane (ILM) in eyes with cystoid macular edema to allow further improvement of the 
macular function. 
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Patients and methods 

Patients were selected on a non randomized case by case basis. They were eligible for 
the surgery if detoriation of vision over 3 months or non-perfused CVO was present and 
the visual acuity was 20/200 or lower. Reported onset of the disease should not exceed 
12 months. 

The natural course of the disease and the possible treatment alternatives were 
explained to each patient, as well as the fact that this was a new surgical intervention. 
Patients were included if they were able and willing to come for follow up every three 
months for at least one year. An Informed consent was signed in each case. 

Examinations performed included best corrected visual acuity, biomicroscopy of the 
anterior and the posterior segment, fundus colour photography, fluorescein angiography 
(Heidelberger Engineering, HRA) multifocal ERG examination (multiSCAN, Munich) and 
optical coherence tomography (OCT, Zeiss) pre - and post operatively, after one month 
and every 3 months thereafter. 

The surgery was performed by one surgeon (S.B) after surgical training on cadaver eyes 
- which had their corneas removed for corneal transplantation and were donated from 
the Institute of Pathology - to determine the route of the knife and its depth. Preopera- 
tively the site of incision was carefully selected according to the fluorescein angiogram 
to avoid cutting of larger vessels. 

In general the technique described by Opremcak and his knife* was used, except that 
in addition to the p.p. Vitrectomy the ILM was carefully removed after indocyanine stain- 
ing before the RON was performed. 



Results 

Between December 2001 and March 2003, 12 eyes of 12 patients could be included in 
the study. The medium follow-up was 6.8 months(3-18 months). All surgeries were per- 
formed in general anesthesia. No combined procedures were performed in this series, 
because we felt that the intraoperative pressure raise necessary during and after the radial 
incision to avoid haemorrhage might cause dislocation of the posterior chamber implant. 
The medium age of the patients was 77.7 years (50-91), 5 were female, 7 were male. 



Preoperative data 

Associated cardiovascular risk factors were present in 9/12 (75%), 4 patients had a 
medically controlled wide angle glaucoma, one patient was pseudophakic. 

An ischemic CVO was present in 8 cases before surgery, in 2 eyes a perfused CVO 
was diagnosed, but visual detoriation progressive due to a large macular edema and under 
20 / 200 . 

One patient had anterior ischemic optic neuropathy with already considerable optic 
damage, and in one patients a Leber's Congenital Opticoneuropathy was present. 

In 40% (5/12) of the patients the other eye had marked reduced vision. In 2 patients 
the other eye had also a non perfused CVO, in 2 patients a terminal age-related macular 
degeneration was present and in one patient a Leber's Congenital Optico-Neuropathy. 

The surgery was uneventful in all cases. 

As postoperative complications a mild intravitreal hemmorrharge was observed in 2 
eyes and a haemorrhage around the incision observed in 3 eyes, both absorbed at the 
latest within 21 days (Table 1). 
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Table 1. Complications (n = 12) 



Intraoperative 0 

Postoperative 

• mild vitr. hemorrh. 2 

• Hemorrh. around Incision 3 

• (resorbed after max. 21 days) 

• Persistent 

• Macular edema 2 

• Rubeosis and sec. Glaucoma after 12 weeks 1 



Visual outcome 

The best corrected visual acuity at the last visit was taken for evaluation. 

The preoperative visual acuities ranged between 0.05 and light perception, no useful 
reading acuity was recorded in this group. 

Postoperatively visual acuity ranged between HM and 0.2, a reading acuity of Jg 5 
was present in one case. 

Mild visual improvement between one and 3 lines was reported in 75% (9/12) at the 
last control follow-up. 



Fluorescein angiography 

More than 10 disc diameters of non perfusion was present in 8 cases. In 2 the retinas 
were perfused preoperatively. 

A massive macular edema was present in 10 of 12 eyes. 

Improved perfusion - defined by rapid absorption of hemorrharges and loss of venous 
congestion - developed in 80% (8/10) during the first 1-3 months (Fig. 1). 

An arterio-venous anastomosis on the incision site was observed in one eye. 
Progression of ischemia was observed In one eye 2 months after surgery, which 
resulted in the development of severe rubeosis iridis with secondary glaucoma (Table 1). 
This diabetic patient, was pseudophakic, had a compensated glaucoma preoperatively 
and laser treatment for massive ischemia preoperatively as well (Fig. 2). 

Macular edema slowly reduced in 8/10 patients, but some residual hyper fluorescence 
could be seen at last visit in 4 of them. In 2 eyes the macular edema remained unchanged 
to the preoperative status (Table 1). 



Optical coherence tomography (OCT) 

Measurements were taken at 3 different sites preoperatively and compared with the values 
obtained at the same locations postoperatively. 

Parallel with the reduction of hyperfluorescence on fluorescein angiography a decrease 
of the medium value from 598.3 (364-672 pm) to 441.4 (154-604) was documented in 
80% (8/10) (Fig. 3). 

Again, 2 eyes had unchanged values. 



Multifocal electroretinography (mERG) 

The medium potential measured was 66.0 nVol preoperatively and 65.9 nVol postopera- 
tively. It remained unchanged during the observation period (Fig. 4). 
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Fig. 1. Case Nr 2, male, 63y: pre (superior line) and 6 months postoperative (inferior line) early 
and late phase fluoresceinangiogramm VA preopiO.05 NRA postop 0.15, Jg 14 




Fig. 2. Patient Nr 6., 82 years, male, diabetes, chronic glaucoma, pseudophakia, scatter laser treat- 
ment before surgery Pre-(left) and postoperative (right) fluorescence angiography after 3 months 

shows unchanged ischemia 



Discussion 

Prognosis for non perfused CVO in general is unfavourable and 60% of all cases with 
CVO develop finally a n.p. CVO. In addition a vision of 20/200 and lower is a predictor 
for further vision loss even in perfused eyes [1]. 







Radial optic neurotomy for central retinal vein occlusion-first results 



225 





Fig. 3. Case Nr 2, pre(left) - and 6 months postoperative (right) OCT shows a reduction of the 
macular edema, but not a complete absorption 




Fig. 4. Case Nr 2: Multifocal ERG (Retiscan) pre (left) - and postoperatively (right) after 6 months 

shows almost unchanged values 



The current treatment options are very limited and medical treatment so far has failed 
in the cure of this disease [9]. Grid laser-treatment has shown no visual Improvement In 
eyes with macular edema and panretinal laser does not prevent the development of rubeo- 
sis iridis in all cases [5]. 

A chorioretinal anastomosis is difficult to perform with laser treatment and was 
achieved in the clinical situation in only 30%. Complications related to this treatment 
have been observed [10]. 

Recently favourable results have been reported with high-dose Trlamcinolone- 
Acetonite [11] along with a large percentage of secondary glaucoma and the disadvan- 
tage of an transient effect. Opremcak's surgical technique seems to be safe and the effect 
was also shown experimentally by Lit et al. [12]. This is in contrast to earlier reports from 
Vasco-Pasada and Arcieniegas [13, 14] who tried to open the lamina cribrosa from an 
external approach. 

No intraoperative complication were observed in our first series and our clinical results 
are comparable to those published by Opremcak [9]. However the visual improvements 
we observed were only moderate, and no useful reading vision was achieved. This could 
be explained by the rather long history of our cases and most likely an earlier interven- 
tion might improve this condition. In addition most of our cases had non perfused CVO. 

Interestingly, the macular oedema decreased but was not completely absorbed during 
our observation period. Whether the removal of the ILM helps in further absorption is 
questionable and needs further examination. Clearly in all these cases the ILM was very 
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taught and strongly adherent and could not be removed safely and completely without a 
dye. 

Almost no change of the potential values was observed with mERG. A possible expla- 
nation for this might be, that a considerable damage of the retinal layers has already 
occurred. 

Although some additional information was gained with this study, it has its weakness 
in is small case number and the lack of a control group. 

Conclusion 

Radial optic neurotomy is a technically feasible and promising surgical procedure with 
the potential to restore some vision in eyes with CVO. A prospective trial is needed to 
explore its value further. 
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Optical Coherence Tomography (OCT) is a non invasive and non-contact imaging modal- 
ity producing cross sectional images of retinal tissues [1]. The OCT is analogous to B- 
mode ultrasound except that light is used rather than sound waves. This provides a higher 
resolution of 10-20 microns. 

There is a false colour scheme employed to differentiate the structures of the cross- 
sectional images. Highly reflective structures like the nerve fiber layer and the pig- 
mentepithelium are coloured with bright colours (white or red). The area of decreased 
reflectivity between these highly reflective layers is coloured yellow or green and corre- 
sponds to the neurosensory retina. Spaces filled with fluid, like a detatchment of the 
neurosensory retina or the vitreus gel, show extremely low reflection and are coloured 
blue to black. Neovascular membranes are highly reflective and coloured red. Computer 
controlled manually placed cursers are used to measure the distance between the highly 
reflective surface of the retina and the retinal pigmentepithelium corresponding to the 
retinal thickness. The retinal thickness is increased in cases of retinal edema. Besides 
measuring the retinal nerve fiber thickness in glaucoma cases the OCT was previously 
used for preoperative evaluation of macular holes [2, 3] or epiretinal membranes [4, 5]. 
Measurement of the retinal thickness was helpful in evaluating the changes of diabetic 
macular edema after photocoagulation or pars plana vitrectomy [6, 7]. OCT was used to 
compare the changes of the retinal structures in age related macular degeneration (AMD) 
with biomicroscopic findings [8, 9]. 

Photodynamic Therapy (PDT) is a new therapy option in cases of choroidal neovas- 
cularisation due to AMD, pathologic myopia and other cases. The beneficial effect in com- 
parison to the natural course has been proven in randomised clinical studies (TAP [10] 
and VIP [1 1 ] study). The eligibility for this therapy and the indications for retreatment base 
on fluoresceinangiographic (FA) findings. We compared the structural changes found in 
the OCT images following PDT with the fluorescein angiograms. Measurements of the 
retinal thickness were performed to quantify the decrease of retinal edema and the effect 
of the PDT. 



Patients and methods 

Optical coherence tomography and fluorescein angiography of a series of patients treated 
with PDT were examined. We included only eyes with classic subfoveal choroidal neo- 
vascularisation without any occult parts in the FA [12]. Classic membranes are well 
defined, measurements of the greatest diameter of the membrane are easily done in FA 
and OCT. We wanted to compare the OCT images of a group with similar angiographic 
findings. Eyes with subfoveal choroidal neovascularisations due to age related macular 
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Fig. 1. The limits of OCT are demonstrated. The OCT of this patient suffering from Morbus 
Parkinson can not be interpreted although the FA Is of sufficient qualltiy 



degeneration (AMD), pathologic myopia and multifocal choroiditis were included. The 
patients had to fulfil the general criteria for PDT and PDT was performed according to 
the TAP guidelines. 

Retreatment was performed when we noted any leakage in the late phase angiograms 
at the three months check-ups. 

OCT, FA and distance acuity were performed at baseline examination, after 6 weeks, 
3 months and afterwards every 3 months. 

The best corrected distance acuity was tested with ETDRS Charts in 4m distance [13]. 

The fluorescein angiography and the measurement of the lesion size was performed 
with the Heidelberg Retina Angiograph. 6-8 pictures were taken in the early phase after 
injection, then every 15 seconds, after 1 minute, 2 minutes and finally late pictures after 
5 and 10 minutes. Optical Coherence Tomography (OCT) was performed with enlarged 
pupils with the Optical Coherence Tomography-Scanner (Zeiss). Six horizontal scans 
through the centre of the lesion with a length of 2.83 mm were performed. The retinal 
thickness was measured in front of the membrane and immediately near the membrane. 



Results 

Insufficient central fixation in patients with poor visual acuity in both the eyes prevented 
scans of sufficient quality through the centre of the lesion in four eyes. These patients 
could not be included. One patient with Morbus Parkinson (the scan and FA picture is 
shown in Fig. 1), and one patient with posterior staphyloma could not be included either. 
Finally 43 eyes met the criteria of inclusion. 

29 patients (30 eyes) were female and 1 3 (1 3 eyes) male. The mean age was 70 years 
ranging from 26 to 92. 23 eyes suffered from choroidal neovascularisations due to AMD, 
18 eyes due to pathologic myopia and 2 eyes due to multifocal chorioiditis. 

At baseline examination the classic neovascular membrane was visible as a hyper- 
reflective band anterior to the pigment epithelium, sometimes separated from the pig- 
mentepithelium by a zone of lower reflectivity as is shown in Fig. 2. The boundaries of 
the membrane are well defined, the measurement of the diameter of the lesion in the 
OCT is possible. The results of the measurements in OCT and FA are almost the same. 
Some of the membranes showed only a bumplike thickening of the high reflective zone 
corresponding to the pigmentepithelium and the neovascular membrane. In spite of the 
absence of a separation zone the area of the membrane could be identified and the 
diameter of the lesion could be measured. The mean values of the greatest horizontal 
diameter measured with OCT and FA were almost the same (1666|xm In the OCT and 
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Fig. 2. The measurement of the diameter of the lesion is marked with black arrows in the OCT and 
the corresponding diameter in the FA with a white arrow. The grey Arrows show the locations 
of the measurements of the retinal thickness in front of the membrane and immediately beside 
the membrane. The highly reflective (red) zone anterior to the retinal pigmentepithelium (RPE)- 
choriocapillaris complex represents the choroidal neovascularlsation 




Fig. 3. OCT and FA of the eye presented in Fig. 2 two years after the first treatment: There Is a 
remarkable decrease of retinal thickness, the thickness of the membrane-RPE complex is reduced, 
the area of low reflectivity posterior to the RPE is smaller but still present 

1659iim In the FA). The difference between the measurements was not more than 0.4 
mm in any case and in 80% of the eyes under 0.1 mm. 

After 6 weeks we found a decrease of the mean values of the retinal thickness com- 
pared with baseline examination. In 58% there was an increase of the retinal thickness 
after 3 months compared with the values of the week 6 examination and these eyes were 
retreated. 1 1% of the eyes were retreated although there was a decrease of retinal thick- 
ness. After 6 months 1 1% of the eyes needing retreatment showed an increase of retinal 
thickness and 19% a decrease of retinal thickness compared to the values of the month 
3 examination. Significant leakage in the FA and an increase of retinal thickness in the 
OCT are signs of activity of the membrane and these eyes need retreatment. One of these 
cases with detachment of the neurosensory retina is shown in Fig. 4. After 18 months in 
81% of the eyes no significant leakage had occurred in the FA and the retinal thickness 
did not increase compared with the month 15 examination. Figure 3 shows one of these 
eyes with decreased retinal thickness after two PDT treatments. The thickness of the mem- 
brane-pigmentepithelium complex is also reduced. The hyporeflective area behind the 
membrane due to absorption of the light is smaller than in the images before treatment, 
but still present. In 1 1% a retinal atrophy occurred. The retinal thickness was subnormal 
(under 150|xm), the area behind the pigmentepithelium is hyperreflectve because of the 
increased penetration of the light through the fibrotic scar. In the FA late staining is present 
(one of these cases is presented in Fig. 5). 
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Fig. 4. There is a large amount of fluid in the retina, the neurosensory retina is detached (the area 
of low reflectivity marked with a white arrow), these are signs of an active membrane needing 

retreatment 




Fig. 5. In this case retinal atrophy occurred after PDT: The retinal thickness is subnormal 
(marked with arrows), there is an increase of penetration of the light, the decreased area of 
hyperreflectivity is marked with an asterix 



In most of the eyes it was possible to achieve inactivity of the CNV after multiple treat- 
ment with late staining in the FA and minimal retinal fluid in the OCT. But there were 
cases responding not well after PDT. Retinal hemorrhages [14], sometimes extensive, have 
been described before. Another complication fortunately not so often seen occurred in 
one of our patients. After the first retreatment a contraction of the neovascular membrane 
occurred with starfolds of the retina in the red free images. Furthermore there was a huge 
detachment of the neurosensory retina. In the OCT the retinal thickness increased, a large 
minimal reflective area, separated by a hyperreflective septum is seen in front of the hyper- 
reflective band of the CNV due to cystoid macular edema. Subretinal surgery was offered 
to the patient but he refused to further treatment (Fig. 6 shows images of this case). 



Discussion and conclusion 

Measurement of the retinal thickness appeared to be very useful in objectively monitor- 
ing changes in macular edema in diabetic cases or eyes with branch vein occlusion [16]. 
The reproducibility of OCT examinations has been proven before [1 7, 18]. We used mea- 
surements of the retinal thickness for objectively evaluating the effect of PDT in eyes with 
classic subfoveal CNV. A significant decrease of macular edema after 6 weeks up to 18 
months was observed. The amount of leakage in the FA correlated well with the retinal 
thickness measured with the OCT and the documentation was more precisely with the 
help of OCT. 
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Fig. 6. Patient WK, male, 68 years. 1 month after the second PDT a contraction of the neovascu- 
lar membrane occurred (star folds in the FLA) and the amount of intraretinal fluid increased very 
much. Cystoid macular edema is present (the very low reflective spaces are marked with an asterix) 



In addition OCT provides a structural assessment of the macular region. A classifica- 
tion system of the changes of retina following PDT in AMD was developed by Adam H 
Rogers et al. based on FA and OCT findings [19]. Our own experiences correlate well 
with the findings of this recently published article. We also found similar structural 
changes in cases of pathologic myopia and multifocal choroiditis. OCT can provide 
further information of the amount of fluid in the retina and the activity of the choroidal 
neovascularisation. To summarize, OCT can probably not replace FA and ICG but pro- 
vides significant further information in the monitoring of the arrest or progression of 
choroidal neovascularisations. 
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Abstract 

Purpose: The authors report their experience, starting from 1997 up to today, in the 
utilization of Optical Coherence Tomography (OCT) technique for the diagnosis and 
the morphological evaluation of macular pucker (MP) and idiopathic full-thickness 
macular holes (MF1). 

Materials and Methods: Different cases and studies based on OCT examination for the 
clinical diagnosis of idiopathic MP and MH are briefly reported. 

Results: Optical coherence tomography examination may visualize the different mor- 
phological aspects of MP and MH and may detect their changements with time. 

Conclusions: Optical coherence tomography is a high resolution, non-invasive diagnos- 
tic technique that permits a detailed evaluation of various macular pathologies. This exam- 
ination frequently helps to select the cases that are more likely to benefit from surgery. 



Introduction 

Optical coherence tomography (OCT) is a non-invasive, no-contact diagnostic technique 
for high resolution, cross-sectional imaging of the retina that measures the optical reflec- 
tivity of the tissue by means of low-coherence or white light interferometry principle [1-4]. 
The OCT two-dimensional scans acquired during the examination are processed by a 
computer and represented in a false-color scale: bright colors (from red to white) corre- 
spond to regions of high relative optical reflectivity or backscattering and dark colors 
(from blue to black) represent areas of minimal or no relative reflectivity. The axial reso- 
lution of the scans in the first and the second OCT version was evaluated to be about 
10-12 microns and the field of view of approximately 35° with a dilated pupil. In the 
latest version, the OCT 111 Stratus, the axial resolution of the scans reaches a value of 
about 8-10 microns. 

Retinal thickness and retinal reflectivity are the two main keys to interpret an OCT 
scan. The mean standard deviation (SD) of the retinal and central foveal thickness in 
normal human eyes has been calculated to be respectively 230 ± 15 microns and 152 ± 
21 microns [1, 5]. The inner limiting membrane of the normal retina is well defined due 
to the non-reflectivity of the vitreous and the backscattering of the retina; the posterior 
boundary of the neurosensory retina is defined by a highly reflective red layer which cor- 
responds to the retinal pigment epithelium (RPE) and choriocapillaris depicted together. 
The photoreceptor layer (PRL) appears as weakly backscattering, while an intermediate 
reflectivity (from yellow to green) is observed for the remaining layers of the retina. 
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Thanks to the great resolution of its scans, the OCT examination allows an objective 
assessment of the morphology of the retina and, in cases of macular holes (MH) and 
macular pucker (MP), may give quantitative information as the MH diameter, the retinal 
thickness and the evaluation of intraretinal fluid accumulation. Dense corneal, lens, vit- 
reous opacities may limit the performance and the interpretation of the scans. 



OCT for macular pucker 

Idiopathic epiretinal proliferations can be responsible for different macular pathologies 
with a serious decrease of the visual acuity (VA). The resolution of vitreoretinal prolifer- 
ations may be accomplished by pars plana vitrectomy and membrane peeling. However, 
the preoperative predictive factors for wich cases are more likely to benefit from surgery 
are controversial. Various prognostic factors that may influence the postoperative out- 
comes, as the preoperative VA, the duration of symptoms, the presence and the amount 
of a cystoid macular edema, the thickness of the epiretinal membrane, have been 
evaluated by different authors with conflicting results [6-1 1]. 

Since its creation, the great usefulness and reliability of the informations that OCT 
scans provide on the macular morphology and macular diseases has been more and 
more confirmed and reported in various studies [12-16]. Cases of MP show at OCT a 
retinal thickening with a variable reduction of the Intraretinal reflectivity, consistent with 
fluid accumulation. Epiretinal membranes may appear as intravltreal, high-reflective 
bands connected to the inner retinal surface or as highly backscattering plaques tightly 
adherent to the inner retinal surface (Figs. 1, 2). 

Wilkins and Puliafito [12] observed that "...quantitative measurements and the 
assessment of membrane adherence with OCT may be useful in characterizing the 
surgical prognosis of eyes with an epiretinal membrane." In an oral presentation, 
Azzolini reported ". . . better postoperative VA outcomes in eyes with partially adherent 
epiretinal membranes compared to eyes with totally adherent epiretinal membranes" (Vail 
Vitrectomy Meeting, March 12-15, 2000, Vail, Colorado). 

In cases of MP, our experience is consistent to what reported by other authors: OCT 
gives precise anatomical details that may result as prognostic factors for the postopera- 
tive outcomes. 

We employed OCT, among other diagnostic exams, in a prospective study carried out 
between February 1997 and January 1999 Including 84 eyes of 84 patients (52 F, 32 M, 
mean age 56.3 ± 12.4yrs.; VA ranging from 20/200 to 20/40) with a diagnosis of MP. 

In 75 on 84 eyes (89.2% of cases) the OCT scans of the macular region revealed 
the presence into the vitreous cavity of highly backscattering bands that were partially 
adherent to the inner retinal surface (PAM), whereas In 9 on 84 eyes (10.8% of cases) 
OCT scans showed an increased reflectivity of the inner retinal surface, consistent 
with the presence of a tightly adherent epiretinal membrane (TAM). 

In PAM eyes (89.2% of the eyes) that underwent surgery, a postoperative improvement 
of the VA was observed. The TAM eyes (10.8% of the eyes) that underwent surgery had 
no postoperative improvement of the VA, and a decrease of the VA was observed in some 
cases. Some eyes with the same preoperative VA showed different preoperative values of 
foveal thickness and different postoperative VA outcomes. On the other hand, some 
eyes with same VA and same preoperative foveal thickness had different postoperative 
VA outcomes. 

After 1 year of follow-up the mean macular thickness values were similar in both 
groups. 




OCT for idiopathic macular holes and macular pucker 



235 




Fig.l. Vitreomacular traction and macular edema. A highly reflective intravitreal band is connected 
to the macula determining foveal thickening and presence of non-reflective, cystic spaces beneath 

the fovea 



These observations could confer to the morphology of the epiretinal membranes and 
its evaluation by means of OCT, an important role in the decision for surgery and for the 
prediction of postoperative functional recovery. 

In TAM cases is possible to suppose a iatrogenic, intraoperative damage caused by the 
attempt to remove the membrane, or might be supposed a preoperative damage of the 
nerve fiber layer and/or of the inner retinal layers caused by the strong adherence of 
the membrane itself. 

Functional informations of the macular region obtained with microperimetry and focal 
ERG could support the morphological evaluation obtained with OCT and may help to 
detect risk cases for a postoperative decrease of the VA. 

OCT for macular holes 

Macular pseudoholes (MPH) partial-thickness and full-thickness MH may be detected 
and followed in their morphological changes. In these cases, OCT gives quantitative 
informations as the diameter of the lesion and the amount of the retinal edema, helps in 
monitoring the evolution of both partial-thickness and full-thickness MH and in the 
decision for surgery [14]. 

In the surgical decision for MH repair, our experience suggests that not only the 
estimation of the time of onset of MH but also their morphological evaluation could 
play a role as predictive factor for postoperative results [1 7, 18]. 

In highly myopic eyes the presence of vitreous opacities and of dystrophic processes 
along the posterior pole may lead to a difficult fundus examination. In these cases OCT 
scans permit a better evaluation of the vitreoretinal relationships on the macular area and 
may reveal anatomical details not detected with other diagnostic exams. 
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Fig. 2. Epiretinal membrane tightly adherent to the inner retinal surface. OCT scans show an 
increased fovea! thickness with loss of the normal foveal contour 



In a group of 24 consecutive high myopic patients (myopia over 14 negative diopters) 
that were examined in our clinic, OCT showed that 6 eyes had an asymptomatic MH and 
in 4 of these 6 eyes the MH was bilateral. In no one of the 6 eyes the MH was detected 
before at slit-lamp fundus examination and with indirect ophthalmoscopy. This was prob- 
ably due to the small diameter of the MH (330 microns on average) and to the weak con- 
trast between the neuroretinal layers and the retinal pigment epithelium (RPE). In all the 
6 eyes the MH was located paracentral to the fovea; the visual acuity of the 6 eyes ranged 
from 20/100 to 20/40. In 2 of these 6, MH was associated with a shallow, inferior retinal 
detachment. 



Conclusions 

Thanks to the accuracy and great resolution of the scans, we believe that OCT is a deter- 
minant examination for a precise assessment of the vitreoretinal relationship on the 
posterior pole. In our clinical practice, OCT is a fundamental tool for the diagnosis, 
the clinical and the surgical approach of macular diseases. 



References 

1 . Hee MR, Izatt JA, Swanson EA, et al (1 995) Optical coherence tomography of the human retina. 
Arch Ophthalmol 113:325-32 

2. Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG, Chang W, Hee MR, FlotteT, Gregory 
K, Puliafito CA, Eujimoto JG (1991) Optical coherence tomography. Science 254:1178-81 

3. Swanson EA, Izatt JA, Hee MR, Huang D, Lin CP, Schuman JS, Puliafito CA, Eujimoto JG (1993) 
In vivo retinal imaging by optical coherence tomography. Op Lett 18:1864-6 

4. Puliafito CA, Hee MR, Schuman JS, Eujimoto JG (1996) Principles of operation and technol- 
ogy. In: John H. Bond publisher. Optical coherence tomography of ocular diseases. Thorofare, 
NJ- USA: Slack Inc., 1996 chap. 1:3-15 

5. Hee MR, Puliafito CA, Wong MS, Duker JS, Reichel E, Rutledge B, Schuman JS, Swanson EA, 
Eujimoto JG (1995) Quantitative assessment of macular edema with optical coherence tomog- 
raphy. Arch Ophthalmol 113:1019-29 





OCT for idiopathic macular holes and macular pucker 



237 



6. Margherio RR, Cox MS, Trese MT, et al (1985) Removal of epimacular membranes. Ophthal- 
mology 92:1075-83 

7. Trese MT, Chandler DB, Machemer R (1983) Macular pucker. I. Prognostic criteria. Graefes 
Arch Clin Exp Ophthalmol 221:12-5 

8. RiceTA, De Bustros S, Michels RG, et al (1986) Prognostic factors in vitrectomy for epiretinal 
membranes of the macula. Ophthalmology 93:602-10 

9. Me Donald HR, Verre WP, Aaberg TM (1986) Surgical management of idiopathic epiretinal 
membranes. Ophthalmology 93:978-83 

10. Pesin SR, Oik RJ, Grand MG, et al (1991) Vitrectomy for premacular fibroplasia. Prognostic 
factors, long-term follow-up and time course of visual improvement. Ophthalmology 
98:1109-14 

1 1 . Michels RG (1981) Vitreous surgery for macular pucker. Am J Ophthalmol 92:628-39 

12. Puliafito CA, Hee MR, Lin CP, Reichel E, Schuman JS, Duker JS, Izatt JA, Swanson EA, 
Fujimoto JG (1995) Imaging of macular diseases with optical coherence tomography. 
Ophthalmology 102:217-29 

13. Wilkins JR, Puliafito CA, Hee MR, Duker JS, Reichel E, Coker JG, Schuman JS, Swanson EA, 
Fujimoto JG (1996) Characterizaton of epiretinal membranes using optical coherence tomog- 
raphy. Ophthalmology 103:2142-51 

14. Hee MR, Puliafito CA, Wong C, Duker JS, Reichel E, Schuman JS, Swanson EA, Fujimoto JG 
(1995) Optical coherence tomography of macular holes. Ophthalmology 102:748-56 

15. Hee MR, Puliafito CA, Wong C, Reichel E, Duker JS, Schman JS, Swanson EA, Fujimoto JG 
(1995) Optical coherence tomography of central serous chorioretinopathy. Am J Ophthalmol 
120:65-74 

16. Hee MR, Puliafito CA, Duker JS, Reichel E, Coker JG, Wilkins JR, Schuman JS, Swanson EA, 
Fujimoto JG (1998) Topography of diabetic macular edema with optical coherence tomogra- 
phy. Ophthalmology 105:360-70 

17. Ripandelli G, Coppe AM, Bonini S, Giannini R, Curci S, Costi E, Stirpe M (1999) Morpholog- 
ical evaluation of full-thickness idiopathic macular holes by optical coherence tomography. Eur 
J Ophthalmol 9:212-6 

18. Kelly NE, Wendel RT (1991) Vitreous surgery for idiopathic macular holes: results of a pilot 
study. Arch Ophthalmol 109:654-9 



Correspondence: Guido Ripandelli, Fondazione "G.B. Bietti" per lo Studio e la Ricerca in Oftal- 
mologia. Piazza Sasseri 5, 1-001 61 Rome, Italy. 




Fundus autofluorescence mapping using a confocal 
scanning laser ophthalmoscope 



A. Bindewald, S. Schmitz-Vaickenberg, and F. G. Holz 

Department of Ophthalmology, University of Bonn, Germany 



Visualization of the retinal pigment epithelium (RPE) in vivo has proven difficult in the 
past for various reasons, including the optical properties of the eye and the small size of 
the cellular elements, forming a single layer between the neurosensory retina and Bruch's 
membrane. With the advent of scanning laser ophthalmoscopy it is now possible to image 
topographic distribution and intensity of fundus autofluorescence (AF) derived from accu- 
mulations of lipofuscin (LF) in the lysosomal compartment of RPF cells. Excessive lipo- 
fuscin storage in the RPE cytoplasm occurs not only in association with age but also with 
many hereditary and degenerative retinal diseases including age-related macular degen- 
eration (AMD), Stargardt disease. Best disease, and pattern dystrophies. It represents a 
common pathogenetic downstream pathway for various heterogenous etiologies. 

LF in the RPE mainly derives from incomplete degradation of phagocytosed distal seg- 
ments of photoreceptor outer segments, and is composed of various biomolecules includ- 
ing lipids, protein, and retinoids. Some of its constituents such as A2-E have recently been 
shown to possess toxic properties and seem to play a pathophysiological role in diseases 
including age-related macular degeneration. 

Visualizing lipofuscin in vivo may help to better understand the significance of these 
metabolic alterations in the pathogenesis of retinal disorders. In addition, fundus AF 
imaging can be useful in the preclinical diagnosis of hereditary retinal disease. Dynamic 
alterations of intrinsic RPE fluorescence change may be applicable for monitoring effects 
at the level of the RPE of novel therapeutic modalities. Furthermore, identification of high- 
risk characteristics in patients with age-related macular degeneration with this technique 
may be helpful in evaluating future therapies and designing studies. 



Recording AF images with the Heidelberg Retina Angiograph (HRA) 

The spatial distribution and intensity of fundus AF is recorded with the HRA using the 
argon laser excitation wavelength of 488 nm. Emission is detected with a barrier filter 
above 500 nm. The quality of AF images is largely dependent on the quality of the media. 
Lens opacities represent the most common reason for poor image quality. Especially 
yellowish cataracts absorb light in the wavelength range used for AF imaging. In the 
FAM-Study we use the following standard operating procedure to achieve optimal and 
comparable AF images with the HRA: 

• Argon laser calibration 

• Sensitivity adjustment 

• Focussing in reflection and redfree mode 

• Aquisition: 15 single 30° images 512 x 512 pixel in series mode 

• 9 images for automated alignment 

• Calculation of mean image 
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Fig. 1. The effect of lens opacities on the quality of AF images: in presence of cataract (left) and 
after cataract extraction with intraocular lens implantation (right) 




Fig. 2. Panoramic AF image after automated alignment using Heidelberg Eye Explorer Software 



In interpreting AF images it should be considered that there are other fluorophores than 
RPE-LF that show up in the wavelength for excitation and emission used here. These are 
usually of much lower intensity. However, especially in diseases associated with exuda- 
tion, additional fluorophores may occur which make differentiation from RPE-LF difficult. 



FAM-Study 

Together with other ophthalmic centers throughout Germany a multicenter, prospective 
FAM-Study (fundus Autofluroescence in Age-related Macular Degeneration-Study) has 
been initiated within the Priority Research Program AMD of the German Research Council 
(Deutsche Forschungsgemeinschaft). Study aims include detection of AF variation in eyes 
with AMD, classification of abnormal autofluorescence (AF)-patterns in the junctional 
zone of geographic atrophy (GA) and their impact on spread of atrophy and visual loss, 
the effect of elevated AF on the function of apposing photoreceptors as well as modifi- 
cation of the cSLO-device for in vitro mapping of RPE-LF. 






Fig. 3. Automated delineation of atrophy at the posterior pole (Schmitz-Vaickenberg et al., Graefe's 

Archive 2001) 




Fig. 4. Fundus AF image (top) and fluorescein angiogram (bottom) in a patient with autosomal 
dominant pattern dystrophy and a macular hole (right eye) 
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Fig. 5. Color-coded intensities of AF signals. There is an increased AF in the junctional zone of a 
kidney-shaped patch of geographic atrophy associated with age-related macular degeneration 




Fig. 6. Over time, enlargement of existing atrophy or occurrence of new atrophic patches in this 
elderly patient with advanced AMD occurred only in areas with abnormally high AF at baseline, 
reflecting the pathophysiological role of excessive lipofuscin accumulation in RPE-cells (Holz 

et al. lOVS 2001) 
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F'8- 7. Retinal function in areas with abnormal AF was assessed with static fundus automated 
full-threshold static fundus perimetry and mean deviation values were compared with age-corrected 
normal values. There were variable degrees of functional impairment in areas with increased 
AF signals Indicating interference of excessive LF accumulations in the RPE with photoreceptor 

function (Bultmann et al. submitted) 




Fig. 8. Spread of atrophy over one year's time. While the pattern of focal increased AF in the junc- 
tional zone of GA shows only little enlargement (left), marked spread occurs in presence of larger 
areas of elevated AF at the margin of the atrophic patch (right) 



Autofluorescence findings in retinal disease 

AF images in eyes with geographic atrophy in late stage AMD show variable patterns of 
abnormal AF in the junctional zone. Phenotypic subtypes include focal, band, patchy and 
diffuse pattern of abnormal AF, whereby the latter type can be classified Into reticular, 
fine-granular branching and fine granular with peripheral punctate. Areas of increased AF 
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obviously indicate incipient atrophy as they precede the development and enlargement 
of outer retinal atrophy, which may reflect the pathophysiological role of excessive LF 
accumulations in the RPE and allows for identification of prognostic determinants. Pat- 
terns of abnormal AF showed a high degree of symmetry between eyes. Also in eyes with 
soft drusen, focal elevated AF may evolve into atrophy over time. 

In other diseases abnormal variation in fundus AF can also be identified. Cone dys- 
trophies may be associated with a distinct ring of increased AF surrounding the macula 
without corresponding funduscopic or angiographic changes. In Acute zonal occult outer 
retinopathy (AZOOR) we have seen areas with elevated AF correspond with the visual 
field loss whereas other examination techniques fail to detect abnormalities in these areas. 
In Stargardt disease focal flecks typically fluoresce brightly and may fade as atrophy devel- 
ops. There is phenotypic variability with regard to diffuse AF change in Stargardt disease. 
While some patients demonstrate an increase in AF over normally appearing retina, the 
level is within the normal range in others. Changes In atrophic areas are best followed 
with AF imaging over time. 

When retinal sensitivity was tested using macular perimetry with another SLO, 
elevated AF was associated with variable degrees of functional impairment of apposing 
photoreceptors. 

Besides imaging LF content in the RPE cell layer FiRA-AF imaging is a very accurate 
method for recording atrophy of the outer retina. As in those areas the RPE and, 
therefore, LF fluorophores, are absent, these areas appear dark with very low or absent 
AF signal. Thus, atrophic patches are more readily defined than on funduscopy, and their 
detection would not require injection of fluorescein to demonstrate corresponding 
window defects. For longitudinal analyses and automated quantitation of atrophic areas 
we have customized an Image analysis software as recently published (Schmitz- 
Valckenberg et al. 2002). Automated computerized image analysis of the digital images 
allows for accurate detection and measurement of the size of atrophic areas, and will be 
useful in longitudinal natural history studies of retinal diseases associated with atrophy 
and for monitoring effects of future therapeutic Interventions to slow down disease 
progression. 



Summary 

In summary, fundus AF imaging provides information over and above conventional fundus 
photographs or fluorescence angiography. This method gives clues for better understand- 
ing of pathogenetic mechanisms in various retinal diseases and is useful for monitoring 
the course of diseases as well as the effect of current and future therapeutic interventions. 
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Introduction 

Multifocal electroretinography (mfERG) is a new technique that allows an objective analy- 
sis of the local functions in patients with different retinal diseases. 

The basic work was done by Marmarelis and co-workers in 1979 which was clinically 
applied by Sutter and Tran [2]. 

Two mfERG systems are widely used: VERIS™ System Technology and RETIscan con- 
tributed by LKC and Roland Consult Instruments, respectively. 



Method 

The guidelines for the performance of the mfERG have recently been established by the 
International Society for Clinical Electrophysiology of Vision (www.iscev.org) 



The technique of the mfERG procedure in Rudolf Foundation 

The multifocal ERG was recorded using Retiscan (version 3.1, Roland Consult, Wies- 
baden, Germany). The stimulus array consisted of 103 hexagonal elements, were pre- 
sented on a high resolution cathode-ray tube monitor (60 Hz). The eye-monitor distance 
was 33 cm. The central 30° of the retina was simulated by flickering hexagons in- 
dependently between black and white according to a pseudorandomized binary 
m-sequence (mean luminance 180cd/m^). Hexagon size war scaled with eccentricity to 
evoke focal responses of approximately the same amplitude in the response arrays. Each 
record was collected in 5-6 segments each 45 seconds. Every active m-sequence lasted 
1 6.6 ms and war followed by a rest interval of 66.4ms before the next active m-sequence 
was started. 

Pupils were fully dilated with cyclopentolat 1%. Lens of -f 3.0 diopter were added to 
the lens holder in front of the eye, which was refracted for best visual acuity for far dis- 
tance. A diagonal cross was the fixation target and the fellow eye was occluded. DTE 
conjuctival electrode was used for the recording. The reference electrode was attached 
to the lateral margin of the same eye. Ground electrode is placed on the forehead after 
cleaning and use of conductive paste (Fig. 1). 

The typical mfERG record is a biphasic wave with a negative deflection (a-wave) fol- 
lowed by positive one (b-wave). 

The recording signals were amplified (50000x) and band pass filtered (10-300 Hz). 

The quality of the records was controlled by real-time monitoring. The presence of 
"blind spot" was an indication for good quality of recording. 

The noisy records were discarded and rerecorded. 
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Fig. 1. Scheme of mfERG system with typical trace array in a normal eye (reprinted from M.W. 
Seeliger et al. [3] with the permission of the publisher) 
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Fig. 2a--d. Types of mfERG representations: a plots, b 3D picture, c rings, d quadrants 



Display features 

Different functional features like plots (Fig. 2a), 2D, 3D (Fig. 2b), Rings (Fig. 2c) and Quad- 
rants (Fig. 2d) can be used. We use the plots for evaluation of the records and 3Ds only 
for dennonstration (waveform information is lost and noise artifacts could be amplified). 

The following clinical cases should highlight the importance of mfERG for functional 
follow-up after therapy or for evaluation of natural history. 

Case 1 shows follow-up in angiographic and mfERG patterns of patient after CNV 
membrane excision with autologous retinal pigment epithelium transplantation (Fig. 3), 
case 2 shows it after photodynamic therapy (Fig. 4). After therapy the maximal potential 
value for b-wave is increased and potential configuration becomes narrower. 

Case 3 demonstrates also an increase of potential values of central retina after suc- 
cessful macular hole surgery (Fig. 5); in case 4 (Fig. 6) of retinitis pigmentosa we con- 
sider a decrease of potentials in the periphery in early cases with progression towards 
center with diminishing of potentials in the late cases. 
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Fig. 2a-d. Continued 





250 



A. Abri et al. 



=)ing1 



Ring* Quadrdnl* j User Grot^)* j 

I Qirtd. I AmplA [f>V<<teg‘l| Amplb [|iVl| AtnpT.i [|i¥)| La<.> [mi j [n» j Atw [<teg*l 




1,0>iV/<liv 20.0tW(iv 



Fig. 2a-d. Continued 




Fig. 3. FLA-, ICG- and mfERG-findings preoperative and after membranectomy and autologous RPE 
transplantation. A Preoperative (visual acuity 0.05; no reading acuity), B postoperative (visual acuity 

0.16; reading acuity Jg 16) 
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Fig. 4. FLA- and mfERG-findings before therapy and after 1 . and 2. PDT treatment A before therapy 
(visual acuity 0.1; reading acuity Jg 16), B after 1. PDT (visual acuity 0.52; reading acuity Jg 5), 
C after 2. PDT (visual acuity 0.74; reading acuity Jg 3) 



pre OP VA 0.05 



post OP VA 0.2 
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Fig. 5. mfERG-findings preoperative and after successful macular hole surgery 
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Fig. 6. mfERG-findings in case of Retinitis Pigmentosa 
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Determination of visual performance is one of the most important clinical examinations 
in ophthalmology. Thus, the results of vision tests have to be accurate, reproducible, and 
comparable. To achieve this, the testing parameters of the various measurement proce- 
dures have to be uniformly standardized [12, 14, 15, 18, 33, 45] for both distance acuity 
and reading performance. 



Required standards for visual acuity tests 

The definition of visual acuity (VA) is based on the visual angle, considering the testing 
distance and optotype size. In Europe, the EN ISO 8596 defines an official international 
standard, evaluating VA with the logarithmically graded "Landolt optotypes" [4, 12, 14, 
15]. In accordance with the recommendations of the Committee on Vision of the National 
Academy of Sciences-Natlonal Research Council (NAS-NRC) [33], the design principles 
of the Bailey-Lovie charts [5] have been applied to the development of the ETDRS charts 
[18, 19], which have become the standard method for measuring VA (LogMAR) in large 
clinical studies [20, 29, 30, 32, 40, 41, 46, 47]. For these charts, five of the ten Sloan 
letters [42] are used per line. These optotypes are of approximately equal legibility and, 
as a group they are equivalent to the Landolt rings [42, 43]. The separation of the letters 
within and between the lines is uniform, so that the contour interaction is controlled 
[5, 18, 27, 33, 45]. This design provides constant geometric proportions for all testing 
distances [5, 45]. The only stimulus variable is the optotypes' size, which is graduated in 
0.1 -log unit steps (ratio: 1.26:1) equivalent to the logarithmical scaling defined by the 
EN ISO 8596 [12, 14, 15]. Thus, these standards provide internationally comparable 
measures of the distance VA, although the procedures, the design of the test items, and 
the notations vary [4, 7, 33]. 

Since reading performance is an important clinical parameter of macular function 
[1 6, 1 7, 22, 34, 36, 39], the above standards have to be also applied to reading tests [33]. 
The print sizes of the test paragraphs are required to be logarithmically scaled, and in 
addition the reading test Items should be as comparable as possible [6, 37, 38] to allow 
accurate and standardized measurements of reading acuity and/or reading speed at every 
viewing distance. 



Standardized reading tests 

Some of these required principles of the above outlined standardization for vision tests 
[4, 12, 14, 15, 33] have already been used for the design of new reading charts [6, 31, 
37]. Bailey and Lovie [6] used unrelated words of similar legibility to simultaneously 




254 



W. Radner et al. 



determine reading acuity and speed, a method that has also been applied to the MNRead 
Acuity Chart [31 ] and to our German "Radner Reading Charts" (RR Charts) [37]. However, 
differences in the philosophy of sentence standardization exist between the later two 
chart systems that use single sentences: The sentences of the MNRead Acuity Chart have 
3 lines and 60 characters, including spaces, but their number (10-14 words), length, and 
position of words vary considerably [31]. For calculating reading speed, it is assumed that 
these represent 10 words of a supposed average English word length of 6 characters. In 
contrast, our goal for the "Radner Reading Charts", which were developed for clincal use 
in all ophthalmologic patients, was to create "sentence optotypes" in order to minimize 
variations between the test items and to keep the geometric proportions as constant as 
possible at all distances. Thus, in cooperation with psychologists, linguists, and schools, 
we developed a series of test sentences that are highly comparable in terms of the number 
of words (14 words), word length, position of words, lexical difficulty, and syntactical 
complexity, by establishing over 30 definition rules [37]. The 24 most similar of these 32 
sentences were selected statistically [37, 38] by evaluating their reliability and validity for 
measuring reading speed [38] and were then used for the Radner Reading Charts. Thus, 
our concept of "sentence optotypes" for reading charts should be capable to provide 
standardized clinical measurements of reading acuity and speed [37, 38]. 

Vision tests: test-retest reliability and validity 

For distance visual acuity measurements, reliability and validity have been evaluated for 
various procedures [3, 11, 27, 45] by assessing the test-retest reliability by calculating the 
correlations between repeated measurements [2, 3, 1 1, 27]. Lovie-Kitchin [27] compared 
the distance VA measurements obtained with the Snellen, Bailey-Lovie, Illiterate E, and 
Flom S-charts and found a high test-retest reliability for all of these four charts (r = 0.94 
- 0.99). In addition, the high correlations among these charts (r = 0.91 - 0.96) indicated 
that, with all of them, valid measures of distance VA could be made [27]. Similarly, 
Camparini and coworkers [1 1] have reported a good reproducibility for the ETDRS stan- 
dard procedure and for their "ETDRS Fast Procedure". Using a computerized testing 
system to reduce the variability of VA measurements, Arditi and Cagenello [3] ascertained 
in a test-retest setting for the ETDRS charts that the upper limits for test-retest reliability 
of VA measurements can best be measured within ±0.1 log units [3]. 

To our opinion, such statistical evaluations and standardization I.e. validity, test-retest 
reliability, interchart reliability as well as variance component analyses should be per- 
formed for every clinical method, and particularly for function-based vision tests such as 
reading tests. 

However, for reading parameters similar investigations (validity, test-retest reliability, 
interchart reliability as well as variance component analyses) have only been analysed 
for the "Radner Reading Charts" whereas, until that statistical analyses have only been 
applied of reading speed measurements [25, 1, 2, 16, 36, 38]: For the Minnesota Low- 
vision Reading Test [25], it has been shown that single sentences can provide valid and 
reproducible reading speed measurements in low-vision patients when these 
sentences are presented one-by-one on single printed cards or In the form of a comput- 
erized test [1, 2] and Elliott et al. have evaluated the validity and reliability of a reading 
speed test for potential vision measurements in patients with normal vision, cataract, 
central and peripheral vision loss [16, 36]. For our "sentence optotypes," the validity of 
reading speed measurements has been shown for students and blue-collar apprentices 
[38]. 

To assess the statistical reliability of our standardized Radner Reading Chart system 
for clinical diagnosis and follow-up, we analyzed the test-retest and inter-chart repro- 
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ducibility and performed a "variance component analysis" to determine the sources of 
variability under clinical conditions and the test-retest and the inter-chart reproducibility 
of the available reading parameters. We have found that this system has a high test-retest 
and inter-chart reliability for individuals with a range of VA levels, with most of the 
variance being attributed to inter-individual variability. 



Why variance component analyses 

Statistical evaluations of test-retest and inter-chart reliability can only establish whether a 
particular source of variation (e.g. different charts, two test days, different patients) has a 
significant influence on the variability of the testing procedure; in contrast, the variance 
component analyses used in the present study make it possible to quantify the contribu- 
tions of these sources to the total variability. For our "Radnor Reading Chart" system we 
have identified the sources of variability for all measured variables and for the three groups 
of individuals with different VA and found that the individuals were predominantly respon- 
sible for the variability in the results, whereas test replication and reading charts had only 
a minor influence on the whole variance. The influence of the patients increased with 
visual impairment, indicating that the functional disability affects the variables. This, par- 
ticularly, held true for the maximum reading speed, a finding that is in accordance with 
previous studies that have identified reading speed as a performance-based parameter 
sensitive to functional visual loss [1, 2, 10, 16, 22, 24, 26, 28, 44]. On the other hand 
the CPS showed a different proportion of the "variance component estimates" than did 
the other reading parameters. As much as 67% of the whole variance came from uniden- 
tified sources. One explanation for this difference might be that the CPS is not a mea- 
surement like reading acuity or speed, since it is set by the examiner at the smallest print 
size the patient can read with optimal reading speed [13, 16, 31]. Therefore, the exam- 
iner's subjective decision is one of the most likely unidentified sources of variability and 
may have contributed significantly to the variability we observed. 

Definitions of reading parameters 

In several clinical studies we have developed and used several parameters to define 
reading performance in patients. 

1) Reading acuity: To avoid confusion and to be psychophysical ly more accurate with 
definitions we suggest to express logarithmically scaled reading acuity in terms 
of LogRAD (=Log-Reading-Acuity-Determination) which is the reading equivalent of 
LogMAR (=Log-Minimal-Angle-of-Resolution) since reading acuity does not express 
the minimal angle of resolution. 

2) LogRAD-score: Reading errors can be included into the measured reading acuity in 
terms of a reading score [radner, MN-read) i.e. for our reading charts the LogRAD- 
Score which is calculated as follows: LogRAD-Score = Reading acuity (LogRAD) plus 
0.005 times the number of syllables of the incorrectly read words (LogRAD-Score = 
LogRAD -h 0.005 x # of syllables of incorrectly read words). 

3) Reading speed: Reading speed is determined in words per minute. Clinically reading 
speed can be differentiated into two parameters i.e. (a) the mean reading speed and 
(b) the maximum reading speed. Another relevant parameter is to show reading per- 
formance of single patients or patient groups by graphically represent reading speed 
based upon reading acuity. Such representations can show the decline of reading 
speed with smaller print sizes and also indicate the reading speed at different LogRAD 
measures (Fig. 1). 
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Reading Speed 




Fig. 1. Reading speed based upon reading acuity: Graph represents the different reading perform- 
ances of patients who received a diffractive multifocal lOL (81 IE) and a refractive multifocal lOL 



(AR 40) 



4) Critical Print Size (CPS): Another method to define a limit of reading performance is 
the critical print size (CPS), which is defined as the smallest print size a patient can 
read with maximum reading speed [13, 16, 31]. 

5) LogMAR/LogRAD-ratio: A clinically relevant parameter seems to be the 
LogMAR/LogRAD ratio which compares distance and reading acuity by calculating 
the ratio of the achieved reading acuity in percentage of the distance acuity. In several 
clinical studies the LogRAD/LogMAR ratio showed considerable differences between 
distance acuity and reading acuity in several macular diseases indicating that dis- 
tance acuity alone is not capable to measure the real functional impairment in several 
ophthalmologic diseases. 



Why not Jaeger charts 

As early as 1854 Professor Jaeger was the first postulating that macular function can be 
best measured by real life performance tests and recommended to do this by measuring 
reading acuity. His jaeger charts have become an international standard. However, even 
in the original versions which were distributed in the mid-19^^ century in German, French 
and English these jaeger charts differed significantly in text, print size and fonts. The 
English versions changed over time and so did their scaling of the print sizes and for 
the current German version it is not even possible to elucidate its origin. The later is not 
comparable anymore to one of the original versions of Professor jaeger from 1 854 to 1 896 
and is not even comparable to the modified version of Professor Fuchs from 1902. In 
addition, this current German version also is not at all comparable to the English ver- 
sions. Its smallest print size is equivalent to a visual acuity measure of about 0.8 (visus) 
and, in addition, the English, French and German versions differs significantly in scaling. 
Further, the scaling of the German version is by far not logarithmically (Fig. 2). The dif- 
ferences between the smaller print sizes are too big whereas with greater print sizes 
(between jaeger 8 to 16) these differences decreased below half of a logarithmical step. 




Standards of reading performance and visual acuity measurements 



257 





Fig. 2. Reading acuity compared to distance acuity (LogMAR; n = 300 patients), (a) The scaling of 
the German Jaeger charts is not logarithmically and clinically appropriately scaled. Note the plateau 
between jaeger 5 and jaeger 6. In a clinical study we have uncovered that jaeger 5 and 6 of the 
current available version of the jaeger charts are of equal print size! Together with the non- 
logarithmical, clinically inappropriate scaling these and several other qualitative deficiencies of 
this version should not be used for clinical diagnosis anymore. In addition, it cannot be used for 
statistical analyses and is therefore obsolete for scientific studies, (b) The logarithmical scaling of 
the Radner Reading charts results In reading acuity measures which are comparable with that 
achieved with the LogMAR charts 



It has to be noted at this point that jaeger 5 and Jaeger 6 have been uncovered being of 
the same print size in a clinical study which has finally led us to microscopically measure 
the letter height of the print sizes. 

The current versions of the jaeger charts do by far not meet the requirements of the 
current standards for visual acuity measurements and are not comparable between 
different languages anymore. These charts have never been standardized and it is not 
possible to measure other clinically relevant reading parameters such as the reading 
speed, the CPS or a distance acuity/reading acuity ratio. 

In contrast, standardized reading charts have been designed following the modern 
optometric requirements for visual acuity tests and have been psychophysical ly stan- 
dardized in volunteers. Additionally, with the new standardized test systems several 
reading parameters can be evaluated and used for more accurate diagnoses as has been 
shown in several clinical studies. 



Clinical relevance of standardized reading charts 

In several studies we have investigated whether our German Radner Reading Charts, 
which were designed to conform to current international standards and the psychophys- 
ical requirements for controlling optical item interactions, can provide reliable and repro- 
ducible results, as has already been demonstrated for distance acuity charts [3, 11, 27, 
45]. Recently, the "Radner Reading Charts" have successfully been used to evaluate dif- 
ferences in reading performance between patients with different multifocal intraocular 
lens systems [39]. In addition, another study with these charts revealed a significantly 
altered reading performance in patients with anisometropic amblyopia [34], indicating 
that the real functional impairment is clearly underestimated when only distance VA is 
measured in this disease [34]. Furthermore, In patients with subfoveal occult choroidal 
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neovascularization in age-related macular degeneration, reading acuity and speed mea- 
sured with the Radner Charts were shown to correlate significantly with the size of the 
absolute scotomata but not to that of the relative scotomas [1 7]. In another study we com- 
pared the reading performance of patients with drusen maculopathy to that of patients 
with subfoveal CNV scares showing a considerably difference in reading performance 
between these two diagnoses despite comparable distance visual acuity. This again indi- 
cated that distance visual acuity alone is an insufficient measure for macular functional 
impairment (Richter-Mueksch S et al. ARVO 2003; Paper). 



Summary 

New standardized reading charts have been developed according to the requirements for 
international standards of visual acuity tests. In addition, for our German version we have 
analysed the reliability and the validity of the measured parameters. With such test systems 
it is possible to simultaneously measure several reading parameters and improve the diag- 
nosis of the patients. For clinical routine it makes even a difference for diagnosis when 
listening to the patients reading performance without any stop watch measurements. 
With our standardized Radner Reading Charts we have shown a considerable difference 
between reading acuity and distance acuity for different macular and other ophthalmo- 
logic diseases indicating that with distance acuity alone it is not possible clinically show 
the full functional impairment. 
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I. Introduction 

Modern discovery techniques are leading to an ever increasing numbers of drugs and 
drug candidates. Together with the deeper understanding of ocular physiological 
processes and the molecular pathogenesis of disease states, this stimulates potential inter- 
est in drug modalities for treatment and control of several ocular conditions. Because of 
the potency and specificity of newer therapeutic agents, increasing attention must be paid 
to the delivery schemes clinicians use for the targeting of drugs and pro-drugs to their 
specific sites of action. An instance of the challenges of this are to be seen in the con- 
sideration of peptide and oligonucleotide sequences newly developed from molecular 
biological fields such as proteomics and gene therapy which may require highly con- 
trolled delivery of non-traditional drugs, biomolecules and agents to intended targets at 
the cell layer and specific cell type level [21] to be both effective and safe for treatment. 

A. General considerations for drug delivery 

1 . Delivery systems for target drugs and treatment conditions 

Treatment of the outermost ocular surfaces is familiarly sought for conditions such as con- 
junctivitis, blepharitis and keratitis, and is thus consistent with the conventional dosage 
delivery forms exemplified by eye-drops of suitable solutions and formulations. Conven- 
tional dosage as eye-drops accounts for the majority of currently available commercial- 
ized formulations. Because of patient familiarity, safety, efficacy and cost-advantages of 
such a delivery path, it is not surprising that attempts at Intraocular treatment applied 
through the cornea with topical application of solutions have also been sought for a range 
of pathologies such as glaucoma, uveitis, wound healing, and herpes simplex and even 
for immune response modulation. The efficacy of topical therapy ultimately depends upon 
the physiological consideration that drainage from the eye Is typically significantly greater 
than achievable drug uptake rates. 

After instillation of a traditionally formulated ophthalmic drug solution as eye-drops 
(1 drop ~ 40-50 jiL), the drug-lacrimal fluid mix may only experience tissue contact times 
of a few minutes due to either normal (0. 5-2.2 pl/min; average 1 .2 uL/min) or stimulated 
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(3-400 fil/m in) lacrimal fluid production. Drainage of tears through the upper and lower 
canaliculi into the lacrimal sac is promoted by blinking. Transnasal absorption after 
drainage to the nasolacrimal duct not only removes the drug from the target ocular tissues 
but may, via absorption and systemic circulation, result in unintended delivery to non- 
target tissues (e.g. Meseguer et al., 1994 [56]). 

2. Physiological considerations 

As well as containing distinct tissue structures of several specific physiological functions 
in a intricately compartmentalized volume, the eye has a variety of protective mecha- 
nisms to ensure proper vision through the active cleaning and filtration of interior and 
exterior visual surfaces. These include tissue drainage, tear film renewal and the tear 
response, aqueous humor flow, absorption and drainage via the vascularization of the 
conjunctiva, in addition to the impermeability of blood-eye barrier. Intrinsic ocular 
absorption is also limited by structural features unique to the relatively impermeable 
corneal barrier. 

Structurally, the cornea contains three lamellar sorptive barriers, the epithelial mem- 
brane, the endothelium and the inner stroma. The outermost epithelial layer is approxi- 
mately five to seven cell layers in thickness. Constantly irrigated by tear film serving to 
dilute and disperse topically applied medication, the epithelium has a lipophilic charac- 
ter which acts as a barrier to the penetration of charged or polar drug molecules. Epithe- 
lial cell tight junctions, composed of the band of specialized proteins that form apical 
boundaries of epithelial cell layers, further preserve the integrity of epithelial layers by 
serving as a barrier to paracellular transport. Transcellular permeability in the corneal 
epithelial layer is physiologically regulated, serving as it does for maintenance of corneal 
hydration. Even for drugs of moderate lipophilicity (e.g. dexamethasone, sodium phos- 
phate timolol maleate) up to half of the permeability resistance is provided by the epi- 
thelial layer. For more hydrophilic drugs (e.g. pilocarpine HCI, epinephrine) corneal 
resistance is even higher. The stroma, composing some 85% of the corneal thickness 
beneath the corneal epithelium, is composed of fibrillar bundles of collagen. The highly 
hydrophilic corneal stroma is significantly resistant to the passage of lipophilic substances 
and low molecular weight drugs. The corneal endothelium is a single-cell layer and is not 
normally a barrier to drug penetration. 

As the sclera has a total surface area greater than 16cm^, it represents a favorably 
large candidate entry path for ocular drug delivery. Scleral composition is a hypocellular 
fiber matrix consisting of heterogeneous bundled structures of collagen fibrils embedded 
in a glycosaminoglycan ground matrix [3, 41, 80, 82]. The predominant scleral collagen 
is of Type I [38], but types III, IV, V, VI, VII and XIII are also present [19, 40]. 

Measurements of the permeability of scleral tissues has been the subject of several 
studies [2, 55, 75, 84]. These investigations reveal that scleral permeability declines expo- 
nentially with molecular weight of the permeant, but that molecular size (hydrodynamic 
radius) is an even better predictor of penetration. Compounds of moderately high MW 
(>50kD) are to some extent transferable across the sclera. Chemical selectivity between 
compounds such as proteins (e.g. bovine serum albumin and immunoglobulin) and 
carbohydrates (e.g. dextrans) of comparable molecular weight have been demonstrated. 
Other predictable aspects of scleral permeability include: 

i) increased permeability with surgical thinning of the sclera 

ii) increased permeability with increasing tissue hydration [18] 

iii) increased permeability with increasing temperature [84] 

iv) increased permeability with reduced intraocular pressure [72] 
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These observations are all consistent v^ith paracellular transport through a collagen fiber 
matrix rather than through active transcellular pathways. At least one fiber matrix model 
of the permeability of sclera and cornea has been presented [28]. In vivo permeability 
studies of the sclera have also been carried out [15, 16] which indicate greater perme- 
ability to hydrophilic over lipophilic molecules [23, 27]. 



3. Pharmacokinetic considerations 

Relevant physicochemical properties of drugs and drug formulations intended for ocular 
instillation include aqueous solubility, lipophilicity, molecular size and shape, degree of 
ionization, and ionic and electrophoretic charge. 



II. Clinical needs and approaches 

A. Anterior segment 

Despite evident accessibility, delivery of drugs to the anterior segment of the eye (cornea, 
conjunctiva, anterior chamber, iris and lens) is challenging in view of the inherent pro- 
tective mechanisms which function to shield the visual pathway from external biological 
agents, particulates, and chemicals. 



1. Topical delivery 

A primary limitation to the topical application of ophthalmic therapeutic agents is their 
rapid and efficient drainage associated with high tear fluid turn over from the eye's outer 
surface. Less than 5% of drugs applied as aqueous solutions typically actually penetrate 
the cornea to reach underlying tissues [48]. Much of the instilled dosage may also be 
removed by incidental systemic uptake through either conjunctival microvasculature or 
via the nasolacrimal duct. To ameliorate such essentially wasteful drug losses through 
these paths, modern drug delivery strategies are directed towards increasing drug bioavail- 
ability through retentive strategies, aimed at deliberately prolonging the contact time of 
the therapeutic agent with one or more ocular surface components. To enhance drug-tear 
film residence on the ocular surface and cul de sac, punctual occlusion is often used. 

Drug delivery formulations designed to improve ocular bioavailability by modifying 
the drug delivery vehicle to impart increased retention or contact time may employ 
approaches such as adhesion or gelation to reduce drainage or flushing rates. In this 
manner, ointments have been used to increase ocular contact times. However, if the oint- 
ment vehicle significantly blurs patient vision or leads to other discomfort it maybe of 
lesser treatment value due to poor compliance. Suitable oil or hydrophobic bases may 
enable higher effective concentrations of lipophilic compounds, such as corticosteroids, 
to be applied to the eye than can be provided in the form of aqueous suspensions of the 
same drug. Modification of drug vehicle viscosity by incorporation of water soluble and 
otherwise inert polymers is also commonly employed in ocular formulations. Typical 
polymer systems for such applications include polyvinyl alcohol, polyvinyl pyrrolidone, 
polyacrylates, methyl cellulose etc [86]. 

2. Gel and colloidal systems 

Polymeric gel delivery systems, applied either as preformed vehicles or as formulations 
which undergo gelation in situ following their topical application, are designed to extend 
ocular residence time via enhanced viscosity or favorable mucoadhesive properties to the 
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mucin components of ocular surfaces. Gel forming systems are typically liquids whose 
structural aggregation changes via enhanced physical cross-linkages brought about altered 
physiological conditions. Thus the existing pH, temperature or electrolyte composition of 
tear fluids may serve to trigger transition from a more or less easy flowing liquid phase 
to a gel state at the eye surface [33, 58, 70]. The sought for phase transitions are often 
reversible. 

Bioadhesion is promoted though the formation of moderately strong, non-covalent 
interactions between polymer hydrophillic functional groups and the mucin coatings of 
the conjunctiva, cornea and sclera. Desired polymer characteristics include the ability 
to form hydrogen bonds, ionizable anionic charge groups, moderate to high molecular 
weight, but retaining sufficient chain flexibility and surface energies to enable spreading 
over ocular mucin layers. Polymers having these bioadhesive properties include poly- 
acrylic acid, carbophil, hyarulonic acid, pullulan, carboxymethyl cellulose and chitosan 
[68, 73]. 



3. Colloidal dispersion systems for lipophilic drugs 

Emulsions and microemulsions (liposomes) are colloidal dispersions of immiscible liquids 
that are thermodynamically stabilized typically by the preferential adsorption of amphi- 
philic surfactants at their interfaces. In microemulsions, surfactant concentrations may be 
10% or more by weight, compared to 0.1% or less in typical emulsions. The stability 
and other physicochemical properties of the system may additionally be modified by the 
presence of co-surfactants, often in the form of low MW alcohols. This results in a greatly 
increased interfacial area between the dispersed oily and the carrier aqueous phases, 
together with smaller "droplet" sizes (~10 to lOOnm). Formulations of these basic com- 
ponents can be tailored to tolerance by the eye [85]. From the standpoint of drug deliv- 
ery, a key advantage of microemulsions as delivery vehicles is markedly increased 
solubilization of drugs. This Is especially so for lipophilic drugs, whose instillation into 
the polar aqueous environment of ocular surfaces would otherwise be problematic. Addi- 
tional possibilities, such as tailoring the surface charge of nanodroplets to favor their 
binding to negatively charged corneal surfaces and thus enhance ocular residence times 
[14], or modifying the kinetics of the drug delivery to better match desired pharmacoki- 
netic profiles remain to be shown for these systems. 

Assuming that the drug retains Its chemical stability and efficacy in the microemul- 
sive environment, its subsequent rate of clearance will be determined largely by the size 
and composition properties of the carrier system. 



B. Posterior segment 

1. Subconjunctival injection 

Subconjunctival injection, despite its possible lower convenience. Is often a clinically pre- 
ferred means of attaining elevated intraocular drug concentration for both the anterior 
and posterior segments of the eye, although there is evidence that subconjunctival injec- 
tion also leaks out into the tear film layer and drug gets absorbed also through the cornea. 
Both antimicrobial and antimetabolite drugs may be delivered in this manner [69, 79]. 
Studies have demonstrated that this more direct route provides higher therapeutic pene- 
tration to the aqueous humor and the vitreous than anteriorally applied devices and strate- 
gies such as topical drops, scleral shields, presoaked contact lenses, peribulbar injections 
[29, 57, 91] or systemic administration. The pathways of drug transport and distribution 
following subconjunctival administration are known to be dependent upon the specific 
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Fig. 1. Intraocular controlled drug release inserts potential locations: 1) subconjunctival, 2) intra- 
vitreal, 3) endocapsular, 4) suprascleral, 5) in a buckle groove - 6) over a melanoma. (Courtesy of 

G. Simon, MD, PhD) 



physicochemical characteristics of the drug [54, 62], but the details of the exact routes 
appear to be limited and confounded by injection site, injection volume, and even the 
animal model being studied [5, 25, 50]. 

2. Implants and bioerodible inserts 

Another approach to achieving either site specific delivery or more favorable retention 
time in the eye seeks to employ either spatial or temporal control over the release of a 
given therapeutic agent by use of controlled drug delivery technologies (Fig. 1). Such 
delivery systems are typically based on manufacture of a synthetic polymer carrier device 
for the target drug, and are designed for greater efficacy, patient compliance and or con- 
venience. Controlled release strategies may also reduce incidences of toxicity or side 
effects. Controlled release over time, either for an extended period (days to months) or at 
a specifiable time during the course of a treatment allows for improved control of rapidly 
metabolized or eliminated drugs. Extended duration delivery of a drug from a well toler- 
ated implant device obviates repeated drug administration, advantageous in situations 
where specialized delivery (e.g. by repeated injections) is impractical. 

Repeated application of drugs results in sub-optimal drug concentrations associated 
with bolus injections, a factor to be considered with medications that have specified ther- 
apeutic concentration windows (Fig. 2a). Peak concentrations associated with an injec- 
tion may lead to either widely varying concentrations over the treatment cycle, attaining 
both sub-therapeutic concentrations at the treatment site and at levels prone to produc- 
ing unwanted side effects systemically. Rapidly metabolized drugs in particular benefit 
from having their dosage rate matched to their elimination kinetics, for instance in the 
case of pain treatment. If many drugs, such as 5-FU (5-fluorouracil), clear the vitreous 
cavity in a 4 to 8 hours, a few, like triamcllonone acetonide as Machemer's team has 
shown [1], have an inherently slower release kinetics (Fig. 2b) and, given the same effec- 
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Intravitreal Injection Prolonged Release Sustained/Controlled 




Fig. 2. Schema of intraocular pharmacokinetics with T 2 -T 1 representing therapeutic time window. 
A A single injection produce a short lasting (-4hrs) burst effect while with multiple injections, drug 
accumulation in tissues may reach toxic levels. B Prolonged release systems (e.g. Kenalog) give 
greater T 2 -T 1 but rarely more than 2 weeks. C General pharmacokinetics of drug release implants. 
Controlled drug release device produce a square pattern where T 2 -T 1 may reach over 12 months 
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Fig. 3. Osmotic pump concept. A Schema of one of the devices that can be re-loaded in situ using 
a 30 ga needle. B Typical pharmacokinetics pattern. In most devices, the semi-permeable mem- 
brane is made of polyvinyl alcohol (PVA) which has the propensity to elicit fibrotic encapsulation 

which can slow the release with time 



tiveness, are better suited to slow release implants. For ophthalmic applications, a major 
concern is the sensitivity of the retina to drugs currently in development such as those 
developing from proteomics and biotechnological are expected to heighten the need for 
optimal drug delivery both in time and to specific sites [66]. 

A diversity of polymer structures and systems have and continue to be developed for 
controlled drug release [26, 83], with different polymer backbones allowing for versatil- 
ity in meeting requirements of either the drug or the treatment site, and even for the prin- 
ciple of the release mechanism (Fig. 2c). An important primary design consideration 
is the subsequent fate of the polymer system after the drug release. Non degradable, 
yet biocompatible, polymer systems such as patches or inserts can usually be removed 
(Fig. 3). Polymers that are broken down by either biodegradation or erosion and then 
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Fig. 4. Biodegradable drug delivery systems (A) liposomes, (B) bioerodible surface erosion (e.g. co- 
drugs, (C) polymer-drug matrix, (D) matrix coated with a semi-permeable biodegradable membrane 



safely excreted from the body are advantageous in that a recovery step is not needed. 
Degradation of a polymeric system in the body refers to chemical bond cleavage to 
smaller sub-units, whereas erosion of a polymeric system is the physical dissolution and 
diffusion leading to depletion. In practice, both mechanism will occur to variable extent 
depending on the polymeric system. 

Polymeric controlled drug release systems may delay the rate at which drug molecules 
are exposed to aqueous solution by having the polymer matrix, dissolving at a slow rate, 
act as a barrier to the immediate aqueous environment (Fig. 4). Alternately, polymer 
coating may act as a diffusional barrier. In porous polymer systems the diffusional veloc- 
ity of the drug molecule to the external cellular environment may simply be reduced suf- 
ficiently to result in slow release. Fiydrogels based on poly(HEMA), a normally insoluble 
polymer well tolerated as contact lens material, have been suggested for this purpose [53]. 

The homo- and heteropolymers of lactic and glycolic acids (PLGA) show good bio- 
compatability, as demonstrated by their long standing use as resorbable surgical sutures. 
In the eye, these poly(ester) systems degrade at predictable and reproducible rates into 
the parent acids, which may be further metabolized to the hydroxy acids in the eye or 
else removed by the blood stream or filtration. Poly(esters), such as those based on either 
poly(lactic acid), poly(glycolic acid) or their copolymers (PLGA) are easily synthesized to 
yield desired mechanical, thermal and biological properties, and form solid solutions with 
a range of target drugs. Implantable, biodegradable PLGA devices, plugs and inserts have 
been shown to be well tolerated in animal models [39, 59]. Facile control over dissolu- 
tion rates of PLA, PGA and PLGA has been demonstrated [88], potentially allowing for 
sustained drug release periods between 1 week and 1 month. 

Using PLGA is advantageous as varying the ratio of polylactic to polyglycolic moeities 
modifies both the polymer's physical characteristics and drug release kinetics. Develop- 
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Fig. 5. Biopin. The biodegradable device was made of PLGA 90/10, a biomaterial that has the 
potential for drug loading using the matrix concept. It was shown to be safe when Implanted in the 

rabbit retina-choroid-sclera layers 



mental work performed in a rabbit model shows low lactide/glycolide ratios to biodegrade 
very rapidly. Only very small fragment of a 10/90 PLGA biopin implant [63] could be 
found 3 weeks after subconjunctival implantation although a 90/10 implant was still 
visible at 3 months. Biodegradation was found to be function of the implant location; a 
90/10 implant inserted in the retina-choroid-scleral tissue was still visible at 9 months 
(Fig. 5). The drug loading also modified biodegradation characteristics, the higher the drug 
fraction, the more fragile the implant became and the more quickly it dissolved. In oph- 
thalmology, each specific medical application imparts restrictions on the size and shape 
of the implant which must be miniaturized for easy insertion and minimal trauma to adja- 
cent tissues. Optimizing the implant requires maximizing drug loading. 

For the "C-ring", an implant primarily developed in our laboratories to prevent recur- 
rent proliferative vitreoretinopathy (PVR), we used a 50/50 PLGA and maximized the drug 
concentration to 30% (Fig. 6). Experimental in vitro testing showed the implant drug 
release to be non-linear; with a rapid burst followed by a logarithmic decay. As each drug 
has a site-specific toxic to therapeutic threshold, a burst release could easily endanger 
intraocular tissues in the immediate postoperative period. To prevent burst release and 
optimize delivery, the "C-ring" implant was externally coated with a drug-free polymer 
which, while dissolving, produced a semi-permeable barrier over the 5FU-PLGA matrix 
and slowed biodegradation time. As the coating was only several micrometers in thick- 
ness, a delivery system was designed to avoid punctures that could be made during inser- 
tion with a tying forceps. The coated implant was shown to be safe when inserted in the 
vitreous cavity of rabbits and found to dissolve in 60 days when inserted under the ante- 
rior conjunctiva and in 3 to 4 months when inserted in the vitreous cavity [36]. In an 
experimental animal model of PVR, Rubsamen et al. [71] demonstrated the implant to 
be efficacious at preventing retinal detachment compared to a control implant without 
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Fig. 6. BPEI 5-FU biodegradable controlled drug release implant, a) Chemical formula of PLA, PGA, 
and 5-FU, b) implant coating apparatus, c) implant in delivery inserter, d) implant's pharmacoki- 
netics measured in vitro 



drug. In an ongoing European Phase I clinical study led by Professor Christophe Baudouin 
and performed on 150 patients, the EC approved implant (Corneal SA, Paris) was shown 
at 1 year follow-up to be safe as an antiproliferative adjunct to trabeculectomy (Fig. 7). 
Efficacy studies of the "C-ring" in patients will require several additional years of 
follow-up. 



3. Transcorneal and transcleral iontophoresis 

As a drug delivery modality, iontophoresis refers to the application of an electric field and 
associated current to enhance transport of ionized drug molecules across otherwise 
impermeable tissue barriers and boundaries. Ocular (transcorneal) uses of this approach 
date back to von Sallman [90] with earlier accounts at the turn of the century by Wirtz. 
While reasonably well understood for increased permeability through the skin (stratum 
corneum), clinical development and ophthalmic use of the technique has been hampered 
by a lack of systematic scientific study of the mechanism for drug penetration through 
ocular tissues. It is also true that many of the scientific investigations of underlying mech- 
anisms have been conducted on ex- vivo explant skin tissue, and in arrangements of very 
different or lesser relevance to ophthalmic therapeutic situations. Similar consideration 
applies to the exact experimental definition of passive diffusion of target drugs that an 
iontophoretric approach may be compared to. However, interest in iontophoresis has 
been demonstrated in animal model studies for range of medicines including antibiotics 
[6, 7], steroids [10, 46], antifungals [32], antivirals [47, 74] as well as fluorescein tracers 
[53a]. 

Significant methodological variables include the intensity and duration of the applied 
current, which may be both AC and DC, as well as both continuous and pulsed, in addi- 
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Fig. 7. Clinical appearance of the 5-FU CDR implant (courtesy of Christophe Baudouin, MD, PhD, 
Centre Hospitaller Universitaire XV-XX, Paris) 



tion to the geometric configuration and placement of electrodes on ocular surfaces. 
Physicochemical characteristics of the drug molecules, such as their degree of ionization, 
molecular weight, size and shape at physiological pH, and ionic strength, and solvent 
composition are relevant. In general, negatively charged molecules are expected to pen- 
etrate scleral and corneal surfaces better than positively charged ones [24, 93]. It is usually 
beneficial to adapt the electric field protocol to the ionization state (charge) of the target 
molecule. However, increased permeability of zwitterionic or even neutral molecules 
appears to be facilitated by iontophoresis. 

Proposed mechanisms underlying enhanced permeant flux across tissue barriers that 
have been suggested include: 

i) passive diffusion, notably as enhanced through skin or tissue pathways such as fol- 
licles, capillaries, imperfections and intercellular gaps, ii) electrical repulsion, especially 
of charged species, iii) electrosmosis of solvent molecules and their entrained solutes and 
even iv) electrical potential alteration of lipid-bilayer structures allowing formation of 
voltage-dependent pores. 

A concern over the use of iontophoresis for a general, or even a specialized, drug 
delivery mechanism is the degree of variability reported in some studies (e.g. Barza et al. 
[7]) and thus the general possibility of reduced effectiveness during repeated therapeutic 
application. Systemized studies of iontophoretic delivery using well optimized protocols 
including artifact-free sampling of attained therapeutic concentrations of delivered drugs 
are lacking. A second area of concern is patient safety. Historically, there exist reports of 
several difficulties including corneal scarring and tissue damage [35, 37]. Even a cursory 
examination of some of these early reports reveals that sub-optimal electrode geometries 
and excessive current densities were sometimes employed in order to "demonstrate" the 
desired effects, enhanced permeant concentrations. Better understanding of the pharma- 
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Fig. 8. CCI power unit. A Evolution 1980 to 2001. B The mini-CCI apparatus (2002) is processor 
controlled for treatment flexibility and 9 Volts DC battery operated for patient safety, the device 
monitors current delivery, calculate total charge, and alerts the physician if inadequate fluidic 

contact occurs 



cokinetics of sought for treatment regimes on both healthy and diseased eyes are needed 
for refinement of the iontophoretic delivery approach. 

A variant of the basic iontophoretic technique, Controlled Coulomb Iontophoresis, 
designed to maximize drug transfer while preventing tissue burns has been proposed [77, 
61] and tested in several animal studies [9, 10, 12, 89]. These studies demonstrated trans- 
epithelial electrical fields less than 2 Volts were sufficient for optimal drug transfer and 
that most of the field-loss occurred at the return electrode interface over bare skin. The 
studies also showed current densities greater than 50mA/cm^ thermally affected tissues, 
especially the conjunctival epithelium where burns occurred at 1 00 to 140mA/cm^. These 
preliminary studies showed how to optimize the CCI instrument for clinical use. The 
instrument consists of a portable 9-Volt battery powered microprocessor system that con- 
trols electrical field, current and application time as well as warning the physician when 
treatment is completed and when the applicator is not appropriately connected or posi- 
tioned. The device automatically calculates and indicates total charge delivered (A/s) 
which facilitates medical record keeping (Fig. 8). For transcorneal applications, the appli- 
cator has a central 0.5 cm^ circular 5 mm deep cavity filled with the drug solution sur- 
rounded by a soft skirt to seal the ocular surface and minimize damage to the epithelium 
(Fig. 9). For transscleral applications, the 0.5 cm^ contact area is shaped to conform to the 
ocular globe and consists of a fluidic annulus that is positioned on the limbus and ante- 
rior sclera. A central opening permits visualization of the cornea, anterior and posterior 
segment during treatment with the slit-lamp or operation microscope (Fig. 10). The treat- 
ment current level can be varied over a wide range, but for safety reasons is limited to 
2.5 mA. The CCI provides a >5 hrs total treatment time at maximum current level. Rabbit 
studies performed at a current density of 5mA/cm^ demonstrated treatment time greater 
than 10 min did not substantially increase retinal drug concentrations (Chapon et al. 
1999). An experimental trial with the antiviral ganciclovir showed a 10 min transscleral 
application produced a higher retinal concentration at 5 days than a single intravitreal 
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Fig. 9. CCl transcorneal (A) and transscleral (B) applicators. The skirt of the devices made of medical 
grade silicone rubber fits the scleral contour, both have cavities containing the drug solution which 
is infused and aspirated via 2 parallel fluidic lines. The annular platinum electrode is deeply recessed 
to prevent tissue contact. Patient with intraocular inflammation before (C) and 24hrs after (D) a 
single CCl application of solumedrol (courtesy Francine Behar-Cohen MD, PhD, Rothschild 

Foundation, Paris) 




Fig. 10. CCl transscleral applicator in the clinical setting. The visual axis remains free for slit-lamp 
examination during treatment. The EKG-type return electrode can be seen on the patient forehead. 
The two fluidic lines and the lead to the internally located platinum electrode are at 12 O'clock 
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Fig. 11. Typical retinal pharmacokinetics after one CCI treatment with antiviral ganciclovir. The 
retinal drug levels remain above ID^° and tend to increase with time whereas with a single intra- 
vltreal injection, it decreases below therapeutic threshold at 60hrs 



injection (Fig. 1 1 ). The study found very elevated concentration of the drug in both corneal 
and scleral tissues that tapered with time. We surmised the large amount of drug stored 
in these tissues was slowly released intraocularly, therefore increasing the retinal drug 
concentration over time. 

Kinetic studies have shown drug concentration at 4 min to be over 65% the concen- 
tration at 10 mins. In a phase I clinical study, Behar-Cohen and team sought to use lower 
currents (-400 jiA) and shorter durations (-4 min) leading to a controlled surface charge 
as low as 0.4 Coulombs/cm^. Using this protocol, successful treatment of uveitis via local- 
ized delivery of solumedrol in patients was demonstrated [22, 34] as well as treatment 
of corneal edema and intraocular inflammation [65] and infectious keratitis [92]. 

The logarithmic relation between tissue drug concentration and application time in 
the direct current (DC) regime is probably related to a saturation field effect. The tissue 
response slowly increases its ohmic resistance at longer treatment times. Alternative ion- 
tophoresis Is surmised to solve this problem by rapidly de-phasing cellular polarity but 
this phenomenon has not been scientifically proven. To investigate this effect, an alter- 
nating current (AC) iontophoretic system based on the principles of Coulomb has recently 
been designed (Fig. 12) for comparative studies in the rabbit. The programmable system 
allows modulation of the bias signal as well as current rise time, pulse shape and fre- 
quency. This system could be used to improve the non-invasive transfer of drugs and large 
molecular weight moeities such as plasmids and oligonucleotides for gene therapy [11, 
78] and antiVEGF factors in the retina to avoid the repeated intravitreal injections cur- 
rently performed for age related macular degeneration (AMD). 

C. Vitreoretinal compartment 

The vitreous is a highly diluted aqueous gel (-1% solids) composed of hyaluronic acids 
held in a very loose collagen matrix. Although some drugs have been shown to freely 
diffuse within the vitreous, both the position of injection and the volume injected may 



274 



J.-M. Parel et al. 




Fig. 12 . The alternative CCI instrument (A) as the same safety features but produces different wave- 
forms with adjustable bias level and signal frequency. It automatically calculates and continuously 
indicates the cumulative treatment charge. Ongoing testing makes use of a drug-gel loaded 
corneoscleral applicator (B) fitting rabbits as well as applicators for rats (C), mice (D) and an 

endo-ocular electrode (E) 

markedly affect drug distribution and clearance rates. Predominant clearance pathways 
include diffusion into the posterior chamber, egress from the anterior chamber as well as 
elimination through the blood-retinal barrier. Aqueous soluble drugs are expected to 
equilibrate quickly, with typical clearance rates yielding drug half-lives of the order of 5 
to 20 hours [30, 51]. 



1. Systemic drug delivery 

Drug delivery to the posterior segment of the eye via systemic administration generally 
offers reduced facility as a treatment option, and will in any event be limited to drugs 
that are tolerated systemically. A consideration of the circulation of the posterior segment 
[60], reveals that the retina and the choroid are supplied by relatively few vessels, namely 
the retinal artery and a few, short posterior arteries. Additionally, the outer third of the 
retinal layer and region of the macula are essentially avascular and are supplied with 
needed nutrients from the choroid circulation. On the other hand the fine capillary 
network of the chorio capillaries underlying the retinal pigment epithelium has been 
demonstrated [17] to exhibit high permeability to substances of molecular weight (MW) 
of up to that of albumin (67kDa), consistent with the physiological need to maintain 
retinal glucose and key transport proteins [81 ]. The above is consistent with a view of the 
vitreoretinal compartment being essentially a privileged space, with the tight junctions of 
the blood-retinal barrier serving to restrict paracell ular access of many low MW drugs 
into this part of the eye. A possibly important therapeutic consideration is that the integrity 
of the blood retinal barrier maybe reduced or wholly compromised in conditions that are 
likely to require drug administration to the posterior segment in the first place. This may 
be true for instances of inflammation and tumors. Since epithelia with barrier-function 
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typically express transporter systems for the selective transport and molecular exchange, 
treatment strategies with pro-drugs targeted to such transporters or the co-application of 
drugs with certain barrier permeability mediators that are taken up by the cells [31]. 

2. Direct intravitreal injection 

Drug injection into the vitreoretinal compartment through the pars plana has long been 
used as a means of delivering desired therapeutic concentration of given drugs to the pos- 
terior segment. Traditionally reserved for ocular conditions that pose greatest chance of 
visual loss (e.g. tumors, PVR, bacterial endophthalmitis, severe inflammatory conditions), 
the procedure does involve some risk, often stemming from the extrinsic need to scrupu- 
lously ensure sterility of injected drugs. Injected volumes are appropriately small (typi- 
cally 0.5 ml to 1 .OmL) although even then, anterior chamber paracentesis may be needed 
to remove aqueous humor, minimizing ocular pressure elevation. Repeated intravitreal 
injection may, however, have an attendant risk of complications such as cataract forma- 
tion, retinal disturbance or detachment, and in immunocompromised patients, endoph- 
thalmitis. Direct intravitreal antibiotic injection remains the recommended drug delivery 
option for endophthalmitis [8], and is usually associated with a sampling of ocular fluids 
for purposes of culture or identification of the Infectious agent. 

3. Intravitreal implants 

Apart from the osmotic pump developed by Ashton [67] for release of antiviral ganci- 
clovir (Vitrasert, Alcon. TX), no other FDA approved controlled drug release system are 
commercially available. Recently, Ashton and jaffe experimentally tested an osmotic 
pump loaded with with co-drug 5FU-triamcilonone [94] and several teams have experi- 
mentally investigated biodegradable implants based on uncoated PLGA matrices [52, 95, 
97]. 

Intravitreal silicone oil that has been used to maintain the retina attached after vit- 
rectomy [96], can also be used as a reservoir for slow drug release. As Refojo and his 
colleagues have shown, the lighter than water 1000 and 5000 cts silicon oils in clinical 
use today, both trimethyl terminated polydimethylsiloxanes [64], readilly adsorb lipophilic 
compounds such as the anti-proliferative agents caramustine (BCNU) [4], retinoic acid 
[87], and alpha tocopherol (vitamin E) [49]. When silicone oil is mixed with a hydrophilic 
drug, the drug moiety remains in suspension and, after implantation, slowly diffuses 
outward along the concentration gradient at the oil bubble-retina interface. The drug is 
absorbed by retinal and choroidal tissues, and in patients having had a total lensectomy- 
vitrectomy, by the ciliary body and iris. Using non-steroidal anti-inflammatory drugs 
(NSAID), such as acetylsalicylic acid (aspirin), [44, 45], have recently shown this method 
to be safe and efficacious in the rabbit model (Fig. 1 3). Other low molecular weight med- 
ications could be released in this fashion, including corticosteroids, such as dexametha- 
sone and Anacortave. It is to be determined if very high molecular weight moieties, such 
as oligonucleotides, peptides and anti-VEGF (e.g. RhuFabV2), can be released from the 
drug-oil suspension. 



III. Conclusions and future directions 

The choices of available therapeutic agents and drug delivery approaches continue to 
expand rapidly. Widespread acceptance of many of these newer technologies into main- 
stream ophthalmology remains a challenge on several fronts. Controlled clinical trials are 
required to establish both the safety and long term efficacy of novel drug delivery 
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Fig. 13. Tri-dimensional representation of silicone oil trimethyl terminated polydimethylsiloxane 
(A) and fundus appearance (B) at postoperative day 56 of a rabbit implanted with a 1.67 mg/ml 

acetylsalicylic acid loaded-silicone oil 



approaches and the formulations. These expensive and lengthy investigations remain a 
barrier to commercialization and clinical adoption over more conventional treatments. 
The promise of proteomic and molecular biologically based therapeutic agents which 
require focused pharmacological delivery and targeting of new drugs is particularly chal- 
lenging. Neuroprotective agents or vectors for gene transfer which may hold great promise 
for conditions, such as glaucoma and other degenerative diseases of the choroid and 
retina, are developing faster than our clinical facility of delivering their desired thera- 
peutic features at appropriate sites of action. Ultimately an ideal drug design goal will be 
the incorporation of all the desired pharmacological features - stability, solubility, ability 
to transfer across membranes and tissue barriers, cellular and subcellular targeting - 
directly into the drug itself. Indeed, recent efforts in this direction have raised promising 
new approaches for some drugs [76]. However newer drug delivery approaches are often 
complex in their operating principles, and they are likely to continue to further challenge 
our understanding of ocular physiology. 
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The 25-gauge Transconjunctival Standard Vitrectomy (25-G TSV) system furthers the trend 
in ophthalmology towards minimally invasive surgical intervention. Such was the case for 
phacoemulsification [1-5] as compared to extracapsular cataract extraction in which 
smaller incision size resulted in faster recovery. The same can be said for 25-G TSV in 
which smaller self-sealing incisions result in faster patient recovery due to minimal astig- 
matic effect on the cornea, less ocular discomfort, minimization of the opening and 
closing portions of the surgery, and less postoperative inflammation due to less ocular 
trauma. 

Previous authors have described methods of creating self-sealing incisions for vitreo- 
retinal surgery [6-11]. Chen [12] described tunnel-based sclerotomies, but the procedure 
still required performing a conjunctival peritomy and suturing. Numerous complications 
were also reported using the tunnel-based sclerotomies. Milibak and Suvegas [6] placed 
sutures in ten of the seventeen cases (59%) performed, and six eyes (35%) exhibited 
wound leakage after surgery. Jackson and coworkers [9] revealed that ten of their thirty 
eyes (33%) exhibited wound leakage, two eyes (7%) exhibited vitreous incarceration, and 
one eye each (3%) exhibited retinal incarceration, wound extension, wound dehiscence, 
and wound hemorrhage. 

Our previous reports from the Doheny Retina Institute (DRI) have outlined the instru- 
mentation and surgical technique associated with the Bausch & Lomb Millennium^^ 25- 
G TSV system [13, 14]. A variety of 25-gauge instruments have been developed over the 
past few years. One such development is the Entry-Site Alignment System, an integrated 
cannula system that provides a transconjunctival entry, eliminates the need for conjunc- 
tival dissection, and provides a sutureless exit. This allows the non-critical portions of the 
surgery, the opening and closing, to be minimized. Next, the high-speed vitreous cutter 
tip mounts to a standard high-speed cutter hand piece with no additional attachments 
necessary. Experimental studies have shown that the 25-gauge high-speed cutter is 
capable of removing vitreous at a higher rate than a 20-gauge pneumatic cutter at its 
standard settings. 

Other instruments that have been recently introduced are the following: Endo- 
llluminator. Micro Pic Forceps, Vertical Scissors, Extendable Pick, Aspirator, Aspirating 
Pick, Diathermy Probe, Flexible-Extendable pick, and EndoLaser Probe. The aspirating pick 
is able to engage membranes and aspirate them into the tip. The vertical acting scissors may 
be manual actuated or mounted on an automated hand piece. Another new instrument, 
the flexible-extendable pick, may be used to perform an arteriovenous adventitial sheatho- 
tomy without vitrectomy in the case of a branch retinal vein occlusion. The extendable pick 
allows the curvature to be adjusted and may be fully retracted to facilitate insertion and 
removal through the Entry-Site Alignment System cannulas. One of the early drawbacks to 
the system had been that certain procedures required sclerotomy enlargement and intro- 
duction of larger instrumentation, such as a Michels' pick for ERM removal or 20-gauge 
endolaser probe for PDR cases. With the advent of these new instruments, we have the 
capability of minimal invasive surgery without compromising surgical technique. 
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We developed the system in such a way that the sclerotomy incisions were small 
(0.5 mm diameter) as compared to conventional 20-gauge Incisions (1.0 mm diameter). 
Smaller port size with smaller instrumentation results in less ocular trauma and resultant 
less postoperative inflammation. We found that due to the smaller port size, both the infu- 
sion and aspiration rates were less than corresponding 20-gauge systems. On the other 
hand, the 25-gauge high speed cutter is faster than corresponding 20-gauge systems. The 
result is a well-balanced infusion/aspiration system that does not prolong vitrectomy time 
as compared to 20-gauge systems. Complementary vitrectomy time combined with less 
time for opening and closing steps results in less overall intraoperative surgical time. Also, 
due to the relative small incision size, most often the sclerotomy sites can be left suture- 
less [13, 14]. 

We feel that the 25-G TSV system allows the surgeon to minimize invasiveness while 
maximizing efficiency in the setting of a large subset of vitreoretinal procedures encoun- 
tered in everyday practice setting. Such diagnoses include epiretinal membranes (ERM), 
non-clearing vitreous hemorrhage (NCVH), branch retinal vein occlusion (BRVO), mild 
tractional retinal detachments (TRD) from proliferative diabetic retinopathy (PDR), 
macular hole (MH), rhegmatogenous retinal detachment (RRD) in the absence of prolif- 
erative vitreoretinopathy (PVR), subretinal neovascular membrane (SRNVM) and pediatric 
retinopathy surgery such as early retinopathy of prematurity (ROP). These diagnoses are 
optimal because they do not usually involve aggressive fibrovascular proliferation which 
may occlude the smaller ports of the 25-Gauge TSV system. Of course, each case should 
be evaluated carefully because any of these above diagnoses can progress to stages in 
which dense fibrous tissue may be encountered. 

We have recently examined the safety and efficacy of the 25-G TSV system for over 
one-hundred consecutive primary vitrectomy surgeries at the Doheny Retina Institute 
(DRI) {unpublished data); we found that patients recovered faster due to negligible astig- 
matic change and minimal inflammation by one week postoperatively. This compared 
favorably to previous postoperative astigmatic 20-gauge data [15, 16]. Wirbelauer and 
coworkers [15] found a significant degree of postoperative astigmatism (>1-2 D in many 
cases) post 20-gauge vitrectomy even after one month. Jampel and coworkers [16] deter- 
mined that postoperative astigmatism normalized by approximately six to eight weeks 
post 20-gauge vitrectomy. 

Another retrospective study concluded that we have been able to maintain postoper- 
ative intraocular pressure in sutureless vitrectomy cases with successively fewer compli- 
cations, such as blebs and choroidal detachments {unpublished data). Furthermore, we 
are examining comparative data between outcomes of 25-gauge TSV versus standard 
20-gauge vitrectomy {unpublished data). We intend to examine patient outcomes in these 
various studies in order to better understand and perfect the system. Further study will 
continue. 

Our ultimate goal is to introduce a system that will allow the surgeon to perform office- 
based surgery for common vitreoretinal procedures. All surgeries would be under local 
anesthesia. We are currently examining the feasibility of such an endeavor by providing 
patients with a detailed questionnaire asking about preferences for sedation during a 
surgical procedure {unpublished data). In this way, we will be able to determine patient 
preferences for office-based vitreoretinal surgery. Our opinion is that advanced minimally 
invasive surgical systems utilizing local anesthesia combined with efficient office-based 
surgical suites may be the next step in vitreoretinal surgery. Further study regarding patient 
preferences and safety of such an endeavor will be reported upon shortly. 
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Introduction 

Direct treatment of macular diseases became possible as vitreous surgery technique 
improved [1-4]. Thereafter, reports showed that the internal limiting membrane (ILM) 
could play a major role in the relaxation of macular hole borders [5-7]. 

Indocyanine green (ICG) is a tricarboncyanin C43F147N2Na06S2 - molecule with a 
molecular weight of 775 and an absorption maximum of 800 nm. The intra-operative 
application of ICG may improve visualization and preparation of the ILM and other fine 
epiretinal membranes. 



Purpose 

To describe the dosage and technique of the intravitreal use of ICG in a consecutive series 
of eyes with macular diseases and compare it with a control group in a retrospective 
study. 



Material and methods 

A total of 115 eyes underwent vitreoretinal surgery for macular diseases. ICG was used 
in 42 eyes of 40 patients from March 2001 to March 2002. Indications for surgery 
were a macular hole (MH) (22 eyes) and macular pucker (MP) (20 eyes) for either direct 
staining of the ILM or staining of the edges of a vitreoretinal membrane. Patients had 
complete clinical examinations before and after surgery. In addition, fluorescence 
angiography, multifocal electroretinography and optical coherence tomography (Fig. 2) 
were performed in 3 months intervals thereafter. In this study, visual acuity outcome and 
intra- and postoperative complications were compared with a control group (n = 75) 
operated in the year before (Tables 1 and 2). 

Technique: The filtered and diluted (1 .5 mg/ml) ICG is gently injected in the fluid filled 
vitreous cavity over the retinal surface. Not more than 0.2-0. 4 ml of the solution are gen- 
erally used. After a contact time of 1 minute the ICG is rinsed from the vitreous cavity 
completely. An endgripping forceps is used to grasp and peel the dyed ILM or edges of 
the epiretinal membrane as complete as possible (Fig. 1). 



Results 



Macular pucker 

Visual acuity improved in 90% of patients of the ICG group, but only in 73% of non-ICG 
controls (Table 3). It deteriorated in only 5% of patients treated with ICG and in 20% of 
controls, which seems to be a substantial difference. 
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Fig. 2. OCT imaging (patient 5) in case of stage II macular hole with vitreous traction 



Table 1. Macular pucker 





with ICG 


without ICG 


Patients 


20 (8f, 12 m) 


57 (32 f, 25 m) 


Eyes 


20 


57 


Age (mean) 


69,9 


69,3 


Anamnesis: 


idiopathic 


13 (65%) 


43 (74%) 


St. p. detachment 


1 (5%) 


4 (7%) 


St. p. laser 


3 (15%) 


5 (8,5%) 


Myopia alta 


- 


2 (3,5%) 


Synchisis. sc. 


- 


2 (3,5%) 


Retinoschisis 


- 


1 (1,8%) 


St. p. uveitis 


1 (5%) 


- 


St. p. ppV 


1 (5%) 


- 


St. p. CVT 


1 (5%) 


- 


Table 2. Macular hole 






with ICG 


without ICG 


Patients 


22 (15f, 7m) 


16 (12f, 4m) 


Eyes 


22 


18 


Age (mean) 


71 


69 


Anamnesis 


idiopathic 


18 (81,8%) 


1 6 (89%) 


St. p. laser 


2 (9,1%) 


- 


Synchisis. sc. 


- 


1 (5,5%) 


St. p. ppV 


2 (9,1%) 


1 (5,5%) 


Stages of macular hole: 
1 


II 


1 (4,55%) 


1 (5,5%) 


III 


1 0 (45,5%) 


10 (55%) 


IV 


11 (50%) 


7 (39,5%) 



Macular hole 

Visual acuity improved in 63.6% of the ICG group compared to 55.5% of non-ICG con- 
trols (Table 4). It deteriorated in 9% of the ICG group, but in 22.5% of controls. 

It was interesting to observe that the predominant macular hole stage (staging after 
Gass [1 1]) was stage IV in the ICG group and stage III in the non-ICG group (Table 2). 




290 



A. Abri et al. 



Table 3. Outcome of patients with macular nuclear 





VA t 


VA ^ 


VA i 


ppV + ICG 


1 8 (90%) 


1 (5%) 


1 (5%) 


ppV 


43 (73%) 


4 (7%) 


11 (20%) 



\//\ visual acuity 



Table 4. Outcome of patients with macular hole 





VA t 


VAe^ 


VA i 


ppV + ICG 


14 (63,6%) 


6 (27,3%) 


2 (9,1%) 


ppV 


10 (55,5%) 


4 (22,5%) 


4 (22,5%) 



l//\ visual acuity 




Fig. 3. Visualization of ICG in the neuroretina of an operated eye (for up to 6 months after surgery) 
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Conclusion 

Peeling of the internal limiting membrane (ILM) is a highly sophisticated surgical skill. 
The visualization of the ILM or overlying structures (e.g. epiretinal membranes or parts of 
the posterior vitreous body) can be improved by intra-operative staining with Indocya- 
nine green (ICG) [8-10]. This procedure may help surgeons to shorten peeling time for 
a fine removal of the ILM and other epiretinal membranes, thereby also reducing light 
toxicity. 

Based on our first results we believe that the current procedure with the dosage 
described is safe. Dying of transparent membranes is clearly helpful in the understand- 
ing of the pathomechanism of the vitreoretinal interface and leads to lesser surgical trauma 
with more complete removal of the tissue. Better functional outcomes were found in our 
series, when compared with a control group. However, only long-term observation and 
controlled randomized studies will give us the final information. 

In our patients, we have observed that ICG may be visualized in the neuroretina of 
operated eyes for up to 6 months after surgery (Fig. 3). Therefore, many questions remain 
unanswered for the moment, concerning toxicity, type of application, or concentration 
and osmolarity of ICG. 
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Introduction 

Retinitis pigmentosa (RP) and age-related macula degeneration (AMD) lead to the degen- 
eration of photoreceptors, resulting in a significant visual deficit for the afflicted individ- 
ual [1]. Research is proceeding to investigate the feasibility of replacing the function of 
the photoreceptors with an electronic device [2, 3]. The photoreceptors initiate a neural 
signal in response to light. The experiments to be discussed investigate the possibility of 
using electrical signals (generated by a retinal prosthesis) to initiate a neural response in 
the remaining cells of the retina. Results from both animal and human research conducted 
over the past decade have established the following: Intraocular stimulating electrodes 
can evoke focal responses that correlate with the stimulus position and timing [4-6], the 
inner retina in RP and AMD is relatively unharmed even when the outer retina is severely 
degenerated [7-9], and a device can be implanted on the surface of the retina without 
causing significant damage to the retina [10, 11]. Based on these preliminary trials, an 
FDA approved clinical trial was intiated to assess safety of implantation of an epiretinal 
device in humans blind from retinitis pigmentosa. 2 human volunteers have used per- 
manently implanted devices to detect ambient light and sense motion. Based on these 
encouraging results, the current focus is being shifted from feasibility studies to the devel- 
opment of an implantable, electronic device, which will be capable of stimulating the 
retina at hundreds of individual points. 



Background 

A retinal prosthesis system consists of several elements (Fig. 1). A video camera will 
capture an image and convert it to an electric signal. The electric signal will be ap- 
propriately coded and then sent via telemetry to an implanted receiver. The receiver will 
decode the signal and generate the desired current pulse pattern for the stimulating array. 
The engineering of the system, while seemingly daunting, is considered feasible. 

Our approach is analogous to that of the cochlear implant. The cochlear implant elec- 
trically stimulates the auditory nerve, bypassing damaged cochlear hair cells, to produce 
the sensation of sound. Using only six electrical inputs to the auditory nerve, which con- 
tains approximately 30,000 fibers, the cochlear implant can produce sound perception 
with sufficient fidelity to enable a deaf individual to speak on an ordinary telephone [12]. 
Additionally, cochlear implant patients improve their ability to hear with practice. This 
suggests that the brain can adapt to the reduced input and, with training, restore signifi- 
cant sensory function. Research in the visual system has shown that reducing visual input 
to a 25 X 25 array of pixels still allows a good degree of mobility [1 3]. These are encour- 
aging examples when one considers that a retinal implant will provide input to a system 
designed to process information from 1 million ganglion cells. 

Previous experiments show that electrical stimulation of the visual system produces 
the perception of vision (as opposed to tactile or pain sensation). Stimulation of the visual 
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Video camera RF Antenna Micro connector cable 



SoC Micro Electrode Array 




Fig.1. Retinal prosthesis concept. A video camera mounted in glasses will capture an image. Video 
processing electronics will convert the image into a radio frequency signal which is transmitted to 
an implanted device. The conceptual drawing shown here places the entire device inside the eye. 
The prototype device currently under test has part of the implanted device extraocular due to the 

size of the device 



cortex has been shown to produce phosphenes [14, 15]. In our lab, human volunteers 
are evaluated prior to surgery with electrical stimulation of the globe with a contact lens 
electrode. The subjects have been able to "see flashes" when the electrical current is 
applied. 

The feasibility of a retinal prosthesis is supported by several studies. Morphometric 
analyses in post-mortem eyes with almost complete photoreceptor loss either due to RP 
or AMD have shown as many as 90% of the inner retinal neurons remain histologically 
intact [7, 8, 9, 1 6, 1 7]. In tests where electrical stimulating devices were temporarily posi- 
tioned on the retina, blind subjects reported seeing percepts that corresponded in time 
and location to the electrical stimulus [4-6]. Several research groups have investigated 
various aspects of retinal prosthesis, ranging from electrical stimulation of retinal neurons 
to surgical implantation methods [1 8-20], Two distinct retinal prosthesis efforts have mate- 
rialized depending on the position of the stimulating electrode array. In the first, the elec- 
trodes are positioned on the ganglion cell side of the retina (epiretinal approach), [19, 
21] whereas, in the second the electrodes and most of the electronics are placed between 
the retina and the retinal pigment epithelium (subretinal approach) [22]. Both approaches 
have advantages and disadvantages. The device developed for this study has a 1 6 elec- 
trode stimulating array positioned on the epiretinal surface, an electronic implant posi- 
tioned outside the eye to generate stimulation pulses, and an external system for image 
acquisition, processing, and wireless communication (to the implanted unit). 



Material and methods 

Subject selection 

The study was approved by the United States Food and Drug Administration and the Uni- 
versity of Southern California Institutional Review Board. Two subjects with bare or no 
light perception secondary to photoreceptor loss were enrolled in the study. Subjects with 
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Fig. 2. Fundus photo is subject 1 , 2 months post operative. Retinal blood vessels are noted under 
the array and no gross damage to the retina is evident 



visual loss due to all other causes were excluded. The electronic device implanted was 
developed by our group in conjunction with Second Sight, LLC™ (Valencia, CA). It con- 
sists of an implanted and an external unit. The external unit consists of a small camera 
worn in the glasses that connects to a belt-worn visual processing unit. The electronic 
implant was secured to the skull in similar fashion to cochlear implants. The cable was 
routed to the orbit and then into the eye through a 5 mm circumferential scleral incision 
placed 3 mm posterior to the limbus. Prior to introduction of the implant, the majority of 
the vitreous gel was removed. The electrode array was then positioned just temporal to 
the fovea and a single retinal tack (Second Sight Retinal Tack) was inserted through the 
electrode array and into the sclera. At the end of the implant procedure, the device was 
tested electrically to assure that all wires were intact. 

Results 

Two subjects with bare or no-light perception were implanted with the Model 1 Retinal 
Stimulator subjects had bare light perception or no-light perception in the implanted eye. 
The surgical Implantation was without any complications (Fig. 2). Electrical stimulation 
testing focused on two main areas: percepts from single electrode activity (stimulus pattern 
controlled by computer) and percepts from multiple electrode activity (stimulus pattern 
controlled by the camera). 

Single electrode studies focused on determining the amount of electrical energy 
required to reliably produce a percept reported by the subject. This level of electrical stim- 
ulus is called the stimulus threshold. The timing of the pulse was typically a biphasic 
current pulse, 1 ms/phase with a 1 ms intraphase delay. These numbers were chosen based 
on prior studies that suggest a stimulus impulse longer than 0.5 ms can target bipolar cells. 
The stimulus threshold for subject 1(S1) ranged from 28-1 .3 mA and for subject 2(S2) 
ranged from 43-679 jiA. Subjects reported false positive less than 5% of the time. The test 
subjects reported seeing small spots or half circles that were typically white or yellow. In 
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Patient Reported Locations 




Expected Results based 
on Retinal Location 
of Electrode 



Fig. 3. Spatial map reported by Subject 1 . Red dot indicates the estimated center of vision based 
on the location of fovea. The array was positioned temporal to the fovea in the right eye, so most 

of the subject percepts were to the left 



both subjects, the reported spatial location of the percept in general corresponded to the 
retinal location of the stimulating electrode. The implant in SI was temporal to the fovea 
in the right and thus all percepts appeared to the left (Fig. 3). In S2, the electrodes were 
on either side of the fovea and percepts were reported on both the left and right. 

Both subjects demonstrated the ability to use a head-mounted video camera to detect 
ambient light, to locate and count objects, and to distinguish the direction of motion of 
objects. Testing was done in a double masked fashion after training the subject. The tests 
were forced choice tests. For example, in an pattern recognition task, the subject was 
asked to describe the orientation of a tumbling L, which was presented in 1 of 4 orien- 
tations (Fig. 4). The results are presented as a percentage or fraction based on thee number 
of correct response and the total number of tests. Both subjects demonstrated the ability 
to detect room lights on or off with 100% accuracy (10/10 and 10/10). The subjects are 
able to count and localize up to two objects: 60% (12 in 20 for SI) and 90% (9 in 10 
for S2). Using the camera, SI could correctly identify the orientation of a tumbling L (four 
alternative, forced choice) in 15 of 20 attempts (75%) (Fig. 4). Both subjects could iden- 
tify object movement directions (SI: 4/5 correct, S2 7/10 correct). 



Summary 

Retinitis pigmentosa afflicts 1/4000 and a large number of these patients become legally 
blind in their 5^^ decade. An even greater number of people lose vision due to photore- 
ceptor loss in age related macular degeneration (AMD). Although some treatments to slow 
the progression of AMD are available, no treatment exists that can replace the function 
of lost photoreceptors. We have summarized our results from 2 test subjects implanted 
with an electronic retinal prosthesis Electrical stimulation results in the subjects seeing 
spots of light (phosphenes) that are both reliable and reproducible with respect to the 
spatial location of the stimulating electrodes on the retina and the stimulating electrical 
current. Currently, the subjects can determine some directional movement and perform 
object recognition tasks. Further training and testing will be necessary to determine the 
maximum effectiveness of this type of treatment for restoring vision that would allow 
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Fig. 4. Pattern recognition task. Subject used a head mounted video camera to determine the 
orientation of the tumbling L. Responses were limited to 4 choices. Subject could successfully 
identify the orientation of the L 75% of the time 



mobility and recognition of more complex objects. The next generation electronic retinal 
prosthesis is expected to provide higher number of electrodes and more complex stimu- 
lation control capability. 
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The presentation summarizes the experience of the German Subretinal Implant Research 
Group and gives an overview of the present status. 

The key questions in the subretinal implant project is how to replace degenerated pho- 
toreceptors by a safe subretinal Micro-Photodiode Array that provides sufficient spatial 
resolution and contrast vision in natural ambient light levels. 

The subretinal concept 

• the function of the degenerated photoreceptors is substituted in their physiologic orig- 
inal position by an electronic implant 

• the remaining neuronal structure is used for signal transduction 

• a fixation of the prosthesis in the subretinal space does not result in difficulties 

• PVR risk seems minimal for the subretinal attempt 

• there is no need for an external camera like in the epiretinal concept 

• the built-in circuits allow a stimulation over a wide range of luminance 

• the eye movements can be used to follow objects 

The consortium first started to develop a passive Micro-Photodiode-Array (MPDA) (see 

Fig. 1) 

• this MPDA uses the available light to stimulate the retina 

• there are good manageable modified surgical standard procedures (e.g. modified 
standard 3 port vitrectomy) 

• there are no fixation problems 

• stable retinal conditions are established by long term follow up (up to 3 years) in the 
minipig model. 

The prototype of this implant consisted of 7000 pixels (micro photo diodes) 

What could be learned from this passive implants (MPDA's) in in vivo animal exper- 
iments (cat and minipig)? 

- that the proof of cortical activation (optical imaging) is only possible with this type of 
implant when using unphyslologically bright light levels (that means we had to expose 
the subretinal implant to a laser light to demonstrate a cortical activation; with ambient 
light levels no cortical response was detectable) 

- there is obviously and requirement of an additional energy supply of an subretinal 
implant: 

• the passive MPDA (alone) did not evoke cortical responses in the cat and mlnipig in 
ambient light conditions 

• there is a necessity for additional energy supply for subretinal stimulation 
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uses the available light to 
stimulate the retina 

good managable 
modified surgical 
standard procedures 

no fixation problems 

stable retinal conditions 
established by long term 
follow up (up to 3 years) 




Fig. 1 



Does the Retina tolerate larger 
Subretinal Implants? 



■ Implantation of 
larger subretinal 
stimulation devices 
3x6mm (additional 
energy supply) 



moi 



Fig. 2 



The question which was to answer was: Does the retina tolerate larger subretinal implants 
which allow an additional energy supply in form of infrared energy in long term follow 
up? (see Fig. 2) 

- implantation of larger subretinal stimulation devices (3 x 6mm) which aloud an addi- 
tional energy supply were carried out with prototypes. 



Results of the implantation of complex stimulation structures 

• good toleration of the complex implants in the follow up period of up to 1 year in the 
minipig model (see Fig. 3) 

• no adverse events especially no retinal detachment in the follow up period 

• no dislocation and encouraging histological findings in the minipig model 



Design of the current prototype 

- active implant with the stimulation chip and the subretinal localized IR-receiver and 
an additional extraocular part of electronic components, (see Fig. 4) 
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Results (surgical): 



good toleration of the 
complex implants in the 
follow up period (up to 1 
year; MPDA 3 years) 

no adverse events; no 
retinal detachment, no 
dislocation, encouraging 
histological findings 






Fig. 3 
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Fig. 4 



Surgical aspects 

this complex structures could be handled with our modified implantation procedure 
feasibility of permanent transscleral connection to extraocular parts 

The different implantation strategies 

three different way's to implant subretinal structures (see Fig. 5) 

ab interno procedure were the implant is inserted during a modified standard 3-port 

vitrectomy 

ab externo version were an transscleral access is used to place the subretinal device 
(was successfully demonstrated in rabbits) 

combined ab Interno and transsclerel access (in this procedure the retina is detached 
during a pars plana vitrectomy like in macular translocation surgery and an additional 
safe transscleral access is used for the implantation of the foil bound active devices 
under the detached retina) 
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Results; 



■ proof of Spatial retinal 
resolution (0,5-1 ) withVER 
and Optical Imaging 

■ stimulation threshold (1 - 

1 0 nC) and determination of 
safety in acute and chronic 
trials 

■ proof of feasibility of a 
chronic transscleral 
connection in the cat and 
minipig model 



Fig. 6 




Steps in the development of the subretinal prosthesis 

- determination of stimulation parameters with stimulation foils 

- determination of thresholds and spatial resolution with foil-stimulators (the foil- 
stimulators had a contact plate outside of the eye, which was connected during the 
trials) 

- function testing with multi-electrode matrices from the cat brain in the Department of 
Physics at the University of Marburg 

- proof of a spatial resolution of about one degree visual angle for the cat eye 

- optical imaging as alternate procedure to demonstrate the topographical specifity 
(applied at the University of Bochum 



Results of the stimulation experiments (see Fig. 6) 

- proof of spatial resolution of the retina of about 0.5-1 ° with VEP and Optical Imaging. 

- the stimulation threshold was determined with 1-10 nC 
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- determination of safety thresholds in acute and chronic trails 

- proof the feasibility of a chronic transscleral connection in the cat and minipig 
model. 



Conclusion 

The principle feasibility of the subretinal approach has been shown in electrophysiolog- 
ical experiments. The chronic tolerance of larger subretinal implants was shown. The 
concept of an additional energy supply for a subretinal implant was evaluated making 
this type of active prosthesis applicable for ambient light conditions. 
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